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S y n t h e t i c t i m e s t u d y i s a technique f o r d e t e r m i n i n g the normal t ime 
f o r a g i v e n mot ion p a t t e r n b y the a p p l i c a t i o n o f p r e d e t e r m i n e d t ime v a l u e s 
t o t h i s mot ion p a t t e r n . I t c a n be most a c c u r a t e l y a p p l i e d i n b e h a l f of 
unimpeded manual movements . The t ime s y n t h e s i s of movements e n t a i l i n g b u t 
one i m p e d a n c e , such as the c a r e n e c e s s a r y t o s t e e r the hand when moving 
an o b j e c t t o a t a r g e t , i s no t g e n e r a l l y p r o b l e m a t i c a l . The t ime s y n t h e s i s 
p r o c e d u r e f o r movements e n t a i l i n g two or more impedances , however , i s 
q u i t e c o n t r o v e r s i a l . The c o n t r o v e r s y i s over the q u e s t i o n of whether the 
t i m e e f f e c t s of two or more impedances o c c u r r i n g t o g e t h e r i s e q u a l t o the 
sum of the i n d i v i d u a l impedance t i m e s when t h e impedances occur s e p a r a t e l y . 
The o b j e c t of t h i s r e s e a r c h was t o de terminer f o r t y p i c a l c o n d i t i o n s , t h e 
answer t o t h i s q u e s t i o n . 
The impedances i n v e s t i g a t e d were the r e s u l t o f ; a movement of t h e 
l e f t - h a n d s i m u l t a n e o u s l y and i d e n t i c a l l y w i t h t h a t o f the r i g h t - h a n d , a 
movement n e c e s s i t a t i n g c a r e i n approach ing a s m a l l t a r g e t , and a movement 
i n v o l v i n g the n e c e s s i t y t o s t e e r under an o b s t r u c t i o n . These impedances 
were i n v e s t i g a t e d b y i n v o l v i n g them b o t h s i n g u l a r l y and i n c o m b i n a t i o n 
w i t h a f i f t e e n i n c h t r a n s p o r t - m o v e m e n t . 
I t was e v i d e n t t h a t o r d i n a r y methods of t i m i n g would be i n a d e q u a t e 
due t o t h e s h o r t t ime i n t e r v a l s i n v o l v e d . This was c o m p l i c a t e d b y the 
f a c t t h a t the i n h e r e n t e r r o r i n most c o n v e n t i o n a l t i m i n g methods a p p r o x i ­
mated t h e magnitude of t h e i n t e r v a l under i n v e s t i g a t i o n , namely the l e n g t h 
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o f t ime added t o a b a s i c (unimpeded) movement by an i m p e d a n c e . To meet 
t h i s need an e s p e c i a l l y d e v e l o p e d t i m i n g d e v i c e was u t i l i z e d . This t i m i n g 
d e v i c e , which was d e v e l o p e d b y D o c t o r W* D a l e J o n e s , was capable o f a u t o ­
m a t i c a l l y r e c o r d i n g movement t imes t o the n e a r e s t i n t e r p o l a t e d 0 . 0 0 0 1 
m i n u t e s • 
F i v e s u b j e c t s w e r e u t i l i z e d f o r the p r e s e n t e x p e r i m e n t . They were 
s e l e c t e d from a g r o u p of t w e n t y male c o l l e g e s t u d e n t s b y the use of a p r e ­
t e s t . The c r i t e r i o n used f o r the s e l e c t i o n of the e x p e r i m e n t a l s u b j e c t s 
was c o n s i s t e n c y of movement s p e e d . Only t h o s e s t u d e n t s e x h i b i t i n g h i g h l y 
c o n s i s t e n t movement speed were s e l e c t e d a s e x p e r i m e n t a l s u b j e c t s . The 
f i f t e e n i n c h movement c o n t a i n i n g t h e impedance was per formed between two 
f i f t e e n i n c h b a s i c (unimpeded) movements i n one rhythmic m o t i o n p a t t e r n . 
The t i m e s n e c e s s a r y to c o m p l e t e t h e two b a s i c movements were compared i n 
o r d e r t o d e t e r m i n e t h e c o n s i s t e n c y of t h e s t u d e n t s . 
The s e l e c t e d s u b j e c t s 1 r e c o r d e d per formances were s i m i l a r t o t h e 
p r e - t e s t p e r f o r m a n c e s . They c o n s i s t e d of a f i f t e e n i n c h impeded movement 
per formed between two b a s i c movements. The impeded p o r t i o n s of t h e s e p e r ­
formances w e r e assumed t o have b e e n p e r f o r m e d a t t h e average p a c e of the 
b a s i c movements p r e c e d i n g and f o l l o w i n g the impeded movement. The a v e r a g e 
of the two b a s i c t i m e s f o r each per formance p r o v i d e d a means o f a p p l y i n g 
a s p e e d - r a t i n g f a c t o r t o the accompanying impeded movement t ime f o r t h e 
p u r p o s e of n o r m a l i z i n g i t , thus c o r r e c t i n g f o r d i f f e r e n c e s i n movement 
s p e e d among the e x p e r i m e n t a l s u b j e c t s . The v a l i d i t y o f t h i s n o r m a l i z e d 
t i m e had no e f f e c t on t h e r e s u l t s . The per formances were a c c o m p l i s h e d a t 
a b r i s k p a c e , t y p i c a l of t h a t used b y workers m o t i v a t e d b y wage i n c e n t i v e s , 
i n o r d e r t o o b t a i n r e a l i s t i c per formance t i m e s and t o min imize v a r i a t i o n 
of s a m e . 
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The average of the n o r m a l i z e d slow-down t i m e s f o r the s i n g l e and 
compound impedances ( two or t h r e e impedances encountered i n the same move­
ment) were c a l c u l a t e d f o r each s u b j e c t . The n o r m a l i z e d s low-downs caused 
b y t h e i n d i v i d u a l impedances were added i n order t o compare t h e s e s y n ­
t h e s i z e d s low-down t i m e s vj i th the n o r m a l i z e d slow-down t ime a c t u a l l y p r o ­
duced by t h e compound i m p e d a n c e s . The r e s u l t s of t h i s r e s e a r c h i n d i c a t e 
t h a t , f o r the t y p i c a l impedances t e s t e d , t h e sum of the i n d i v i d u a l ( t h e 
s y n t h e s i z e d ) normal s low-down t i m e s f o r impedances compris ing a compound 
impedance i s s i g n i f i c a n t l y g r e a t e r than the normal slow-down t i m e produced 




B a c k g r o u n d . — J u s t as i n d u s t r y has b e e n c o n s t a n t l y s t r i v i n g t o improve 
i t s methods of p r o d u c t i o n t h r o u g h t h e use of i n d u s t r i a l e n g i n e e r i n g 
p r a c t i c e s , so has t h e i n d u s t r i a l e n g i n e e r been a t t e m p t i n g t o i n c r e a s e 
t h e a c c u r a c y o f h i s t ime s t u d y methods . Toward t h i s end some p r a c t ­
i t i o n e r s have a d v o c a t e d t h e use o f s y n t h e t i c m o t i o n and t i m e s t u d i e s , 
c l a i m i n g t h a t t h e y produce more a c c u r a t e and c o n s i s t e n t r e s u l t s . U n l i k e 
t h e u s u a l method, where the s t o p watch i s used t o measure c o m b i n a t i o n s 
o f t h e f u n d a m e n t a l movements making up t a s k s , t h e s y n t h e t i c method makes 
use o f p r e d e t e r m i n e d movement t ime v a l u e s . These t ime v a l u e s have been 
l a r g e l y d e t e r m i n e d b y e x p e r i m e n t a t i o n and a r e u s u a l l y p r e s e n t e d i n t a b u l a r 
f o r m . A f t e r a t ime s t u d y t e c h n i c i a n has de termined what fundamenta l move­
ments make up a p a r t i c u l a r t a s k , a l l t h a t i s n e c e s s a r y i s t o r e f e r t o t h e 
p r o p e r movement t ime d a t a t a b l e t o d e t e r m i n e t h e e s t i m a t e d normal t ime f o r 
t h e per formance of t h e s e movements . S imple a d d i t i o n of the e s t i m a t e d move­
ment t i m e s w i l l produce t h e e s t i m a t e d normal t ime f o r the c o m p l e t i o n o f 
t h e t a s k . T h e r e f o r e , t h e a c c u r a c y o f t h e s y n t h e t i c t ime s t u d y depends 
upon t h e r e l i a b i l i t y of t h e p r e d e t e r m i n e d t i m e v a l u e s w h i l e i t s c o n s i s t e n c y 
depends upon the a b i l i t y o f t h e t ime s tudy man. 
S y n t h e t i c M o t i o n and Time S t u d y . — S y n t h e t i c mot ion and time s t u d y , h e r e ­
a f t e r r e f e r r e d t o as ' s y n t h e s i s " , i s a form of s t a n d a r d d a t a . 7 /b i l e s t a n ­
dard d a t a i s concerned w i t h e l e m e n t a l t i m e s f o r a p a r t i c u l a r t a s k , s y n t h e s i s 
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d e a l s w i t h fundamenta l movement t i m e s which may b e a p p l i e d t o any t a s k . 
By t h e a p p l i c a t i o n o f t h e s y n t h e s i s i t i s p o s s i b l e t o e s t i m a t e t h e normal 
t ime f o r a t a s k b e f o r e the t a s k i s a c t u a l l y p e r f o r m e d . As s u c h , s y n t h e s i s 
i s a v e r y e f f e c t i v e mot ion s t u d y t o o l ; i t p e r m i t s t h e e n g i n e e r t o s e l e c t 
t h e m o t i o n p a t t e r n which m o s t e f f i c i e n t l y c o m p l e t e s the t a s k . The a p p l i c a ­
t i o n of t h e p r e d e t e r m i n e d time v a l u e s t o t h e n o t i o n a n a l y s i s produces t h e 
e s t i m a t e d normal t ime f o r the t a s k . 
A n o t h e r i m p o r t a n t advantage of s y n t h e s i s i s t h a t i t may b e used i n 
b e h a l f o f e x t r e m e l y s h o r t c y c l e o p e r a t i o n s where the i n h e r e n t e r r o r i n 
r e a d i n g t h e s t o p w a t c h would a p p r e c i a b l y a f f e c t the r e s u l t s . S y n t h e s i s 
i s a l s o advantageous i n t r a i n i n g o p e r a t o r s , a s i t r educes t h e j o b t o t h e 
fundamenta ls which may be t a u g h t and l e a r n e d w i t h e a s e . I t a l s o t e a c h e s 
w o r k e r s , e n g i n e e r s , and s u p e r v i s o r s t o become mot ion c o n s c i o u s . 
S e v e r a l w e l l known s y n t h e s i s s y s t e m s are i n use t o d a y . However, 
s y n t h e s i s has n o t e n j o y e d w i d e s p r e a d a c c e p t a n c e . Perhaps the most i m p o r t ­
a n t o b j e c t i o n g i v e n by i t s c r i t i c s has been the s e c r e c y surrounding t h e 
d e t e r m i n a t i o n of the d a t a . S i n c e the a c c u r a c y of the normal t ime as found 
b y s y n t h e s i s i s a d i r e c t r e s u l t of t h e a c c u r a c y of the p r e d e t e r m i n e d t ime 
v a l u e s , i t i s e s s e n t i a l t h a t t h e s e d a t a b e v a l i d . W i t h o u t the knowledge 
of t h e i r d e r i v a t i o n t h e r e i s no way t o d e t e r m i n e whether t h e d a t a have a 
v a l i d s c i e n t i f i c b a s i s . I n v e s t i g a t i o n has r e v e a l e d p r o b a b l e s i g n i f i c a n t 
d i f f e r e n c e s i n t h e normal t i m e s e s t a b l i s h e d b y t h e s e s y s t e m s , s u g g e s t i n g 
a l a c k o f v a l i d i t y i n a t l e a s t a l l b u t one s e t o f t h e s e d a t a . 
The d i f f i c u l t y i n a p p l y i n g s y n t h e s i s had tended t o r e t a r d i t s d e ­
ve lopment as much a s a n y o ther s i n g l e f a c t o r . A h i g h d e g r e e of s k i l l i n 
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m o t i o n a n a l y s i s and s y n t h e s i s usage i s n e c e s s a r y i n o r d e r t h a t t h e p r e ­
de termined d a t a w i l l b e a p p l i c a b l e t o t h e m o t i o n p a t t e r n breakdown. Th i s 
s k i l l can be a c q u i r e d o n l y a f t e r much t r a i n i n g and p r a c t i c e . 
O t h e r o b j e c t i o n s o f s y n t h e s i s a r e : i t s l i m i t a t i o n t o u n s k i l l e d 
bench type o p e r a t i o n s ; t h e f a i l u r e of some s y s t e m s t o r e c o g n i z e t h e t ime 
e f f e c t s of the p r e c e d i n g and t h e f o l l o w i n g movements i n r e f e r e n c e t o a 
g i v e n movement; t h e d i s r e g a r d of t h e e f f e c t of the d i r e c t i o n of a mot ion 
O N the t ime n e c e s s a r y t o c o m p l e t e t h e m o t i o n ; and the assumpt ion t h a t the 
fundamenta l movement t i m e s a r e a d d i t i v e . 
I n s p i t e of i t s many s h o r t c o m i n g s , s y n t h e s i s has p r o v i d e d t h e n e c e s ­
s a r y e x t e n s i o n of s t a n d a r d t i m e d a t a to s h o r t c y c l e o p e r a t i o n s . I t has 
p r o v e n a v e r y u s e f u l t o o l when p r o p e r l y a p p l i e d w i t h i n i t s l i m i t s . U n i ­
v e r s a l a c c e p t a n c e o f s y n t h e s i s i s awa i t ing f u r t h e r r e s e a r c h which w i l l 
p e r m i t t h e e x t e n s i o n of t h e s e l i m i t s . 
The Problem.—Movement t i m e s s e l e c t e d from s y n t h e s i s t a b l e s a r e added i n 
o r d e r t o d e t e r m i n e the normal t i m e f o r a g i v e n t a s k . However, the move­
ments f o r w h i c h t h e t i m e s a r e d e r i v e d a r e n o t a lways f u n d a m e n t a l ; t h e y a r e 
somet imes c o m p l i c a t e d by t h e a d d i t i o n of c e r t a i n i m p e d a n c e s . An unimpeded 
movement, h e r e a f t e r r e f e r r e d t o as a b a s i c movement, i s c h a r a c t e r i z e d as 
a " f r e e movement", one w h i c h d o e s n o t e n t a i l any r e s t r i c t i o n . An example 
o f a f r e e movement i s moving t h e empty hand i n any e a s i l y a c c e s s i b l e d i r e c ­
t i o n b u t t o no s p e c i f i c l o c a t i o n . The normal time n e c e s s a r y t o c o m p l e t e 
a f r e e movement o f the hand f o r a g i v e n d i s t a n c e would not be t h e same as 
t h e normal t ime n e c e s s a r y t o comple te an impeded movement f o r the same 
d i s t a n c e . As a r e s u l t , s y n t h e s i s t a b l e s l i s t t ime v a l u e s f o r the v a r i o u s 
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impeded movements as w e l l a s f o r t h e b a s i c movements . An impedance i s a 
h indrance which s lows the performance of a movement . The most f a m i l i a r 
impedance i s r e s i s t a n c e t h a t must be overcome t h a t i s , w e i g h t t o be 
l i f t e d . The h a n d l i n g or s ensory requ irement n e c e s s a r y when moving a 
f r a g i l e o b j e c t i s a n o t h e r f a m i l i a r i m p e d a n c e . A sensory r e q u i r e m e n t i s 
e x e m p l i f i e d by the c a r e or m e n t a l c o n t r o l n e c e s s a r y t o a v o i d a change o f 
f i n g e r p r e s s u r e when h a n d l i n g a f r a g i l e o b j e c t . I t i s t h e s e n s a t i o n 
t r a n s m i t t e d through t h e n e r v e s t h a t r e f l e c t s t h e amount o f p r e s s u r e b e i n g 
a p p l i e d . Other impedances a r e b imanua lnes s and eye-hand c o o r d i n a t i o n . 
The t i m e s y n t h e s i s p r o c e d u r e of movements e n t a i l i n g but one i m p e d ­
a n c e , such a s t h e c a r e n e c e s s a r y t o s t e e r t h e hand when moving an o b j e c t 
t o a s m a l l t a r g e t , i s not g e n e r a l l y p r o b l e m a t i c a l . The t ime s y n t h e s i s 
p r o c e d u r e f o r movements e n t a i l i n g two o r more impedances , h e r e a f t e r r e f e r r e d 
t o a s a compound impedance , however , i s q u i t e c o n t r o v e r s i a l . The c o n t r o ­
v e r s y i s o v e r t h e q u e s t i o n of whether t h e t i m e e f f e c t s o f the two or more 
impedances o c c u r r i n g t o g e t h e r i s e q u a l t o the sum of t h e i n d i v i d u a l t ime 
e f f e c t s of t h e impedances o c c u r r i n g s e p a r a t e l y . 
A m e a n i n g f u l d e s c r i p t i o n of the o b j e c t i v e o f t h i s t h e s i s can be 
p r e s e n t e d through the use o f a s i m p l e e x a m p l e . Assume t h a t an e n g i n e e r , 
w i t h a t a b l e o f p r e d e t e r m i n e d movement t i m e s i n h a n d , i s d e s i r o u s of 
s y n t h e s i z i n g t h e normal per formance t ime o f a manual bench-work o p e r a t i o n . 
One p a r t of t h e o p e r a t i o n i n v o l v e s reach ing f i f t e e n i n c h e s t o g r a s p a 
hammer. No m o t i o n impedance i s e n c o u n t e r e d . The t i m e s y n t h e s i s of t h i s 
r e a c h would i n v o l v e t h e s e l e c t i o n from t h e p r e d e t e r m i n e d movement t ime 
t a b l e a v a l u e f o r a f r e e , b a s i c f i f t e e n i n c h movement . 
Now, assume a n o t h e r p a r t of the o p e r a t i o n i n v o l v e s r e a c h i n g f i f t e e n 
i n c h e s t o g r a s p a c o t t e r p i n . A m o t i o n impedance i s e n c o u n t e r e d b e c a u s e 
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o f the s m a l l n e s s of the c o t t e r p i n . Time s y n t h e s i s of t h i s m o t i o n w o u l d , 
t h e r e f o r e , i n v o l v e t h e s e l e c t i o n of a v a l u e from the t i m e - d a t a t a b l e f o r 
t h e s low-down caused b y t h e s i n g l e impedance under c o n s i d e r a t i o n . Th i s 
v a l u e w o u l d t h e n be added t o t h e v a l u e l i s t e d f o r the f i f t e e n i n c h b a s i c 
movement i n order t o s y n t h e s i z e t h i s movement . 
Going a s t e p f u r t h e r , assume t h a t the o p e r a t i o n i n v o l v e s r e a c h i n g 
f i f t e e n i n c h e s t o g r a s p a n o t h e r c o t t e r p i n which has been i n s e r t e d a t a 
p r e v i o u s work s t a t i o n i n t o t h e p a r t b e i n g a s s e m b l e d . T h i s p i n was o n l y 
pushed i n p l a c e t e m p o r a r i l y s i n c e the o p e r a t o r i n q u e s t i o n must remove i t 
t o c o m p l e t e h i s p a r t of t h e a s s e m b l y o p e r a t i o n . The p i n i s n o t i n an 
e a s i l y a c c e s s i b l e l o c a t i o n and t h e o p e r a t o r must s t e e r h i s movement t o 
r e a c h t h e p i n . T h i s r e a c h m o t i o n , t h e r e f o r e , i n v o l v e s two impedances : 
one f o r t h e s m a l l n e s s of t h e c o t t e r p i n and one f o r the n e c e s s i t y of 
r e a c h i n g t o a r e s t r i c t e d a r e a . 
The e x a c t p r o c e d u r e which the e n g i n e e r i n q u e s t i o n w i l l use i n 
o r d e r t o s y n t h e s i z e t h i s mot ion w i l l depend upon what s y n t h e s i s sys tem he 
i s u t i l i z i n g . The v a r i o u s sys tems and t h e i r d i f f e r e n t methods o f h a n d l i n g 
compound impedances w i l l b e d i s c u s s e d l a t e r . For t h e purpose of t h i s 
example assume t h a t the e n g i n e e r ^ t i m e - d a t a t a b l e l i s t s t ime v a l u e s f o r 
t h e b a s i c movements and t ime v a l u e s f o r the s low-downs caused b y t h e i n ­
d i v i d u a l impedances . I n o r d e r t o s y n t h e s i z e t h i s movement t h e e n g i n e e r 
would de termine how many impedances were i n v o l v e d i n the movement and 
what t h e y w e r e . He would then r e f e r t o t h e s low-down t i m e s l i s t e d i n t h e 
t i m e - d a t a t a b l e f o r t h e s e impedances and add them t o t h e b a s i c t ime l i s t e d 
f o r t h i s movement . I n e f f e c t , the e n g i n e e r adds t h e s low-down due t o the 
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impedances o c c u r r i n g s e p a r a t e l y i n a f i f t e e n i n c h movement t o a r r i v e a t 
t h e t o t a l s low-down caused when t h e s e same two impedances a r e encountered 
t o g e t h e r i n t h e same f i f t e e n i n c h movement . Adding t h e t i m e f o r a f i f t e e n 
i n c h b a s i c movement t o t h i s t o t a l t i m e then gave the time f o r the f i f t e e n 
i n c h compound-impeded movement. 
The e n g i n e e r , ment ioned a b o v e , assumed t h a t the t i m e e f f e c t s of the 
two impedances o c c u r r i n g t o g e t h e r were e q u a l t o t h e sum of t h e i n d i v i d u a l 
t ime impedances o c c u r r i n g s e p a r a t e l y . T h i s i s the g e n e r a l l y a c c e p t e d p r a c ­
t i c e . I t assumes t h a t t h e r e i s no s i g n i f i c a n t i n t e r a c t i o n be tween t h e two 
o r more i m p e d a n c e s . This a s s u m p t i o n may o r may n o t b e v a l i d . S i n c e many 
movements per formed i n i n d u s t r i a l work e n t a i l two or more s i g n i f i c a n t 
i m p e d a n c e s , an i n v e s t i g a t i o n of t h e i r t ime e f f e c t appears w a r r a n t e d . 
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CHAPTER I I 
LITERATURE SURVEY 
H i s t o r y o f S y n t h e s i s . — F r e d e r i c k ¥ . T a y l o r , the f o u n d e r o f s t o p watch t ime 
s t u d y , o r i g i n a t e d the i d e a of d e v e l o p i n g p r e d e t e r m i n e d , manual-work, t ime 
v a l u e s around 1 9 0 0 . He s t a t e d : 
No sys tem o f t ime s t u d y can b e l o o k e d upon as a s u c c e s s 
u n l e s s i t e n a b l e s t h e t ime o b s e r v e r , a f t e r a r e a s o n a b l e amount 
o f s t u d y , t o p r e d i c t w i t h a c c u r a c y how l o n g i t s h o u l d take a 
good man t o do a l m o s t any j o b i n a p a r t i c u l a r t r a d e , o r branch 
o f a t r a d e , to which t h e t ime o b s e r v e r has b e e n d e v o t i n g h i m s e l f . 
I t i s t r u e • • • • t h a t a l l o f t h e work done i n a g i v e n 
t r a d e can b e d i v i d e d i n t o a c o m p a r a t i v e l y s m a l l number o f e l e m e n t s 
o r u n i t s , and w i t h p r o p e r implements i t i s c o m p a r a t i v e l y e a s y f o r 
a s k i l l e d o b s e r v e r t o de termine the t ime r e q u i r e d b y a good man 
t o do any one o f t h e s e e l e m e n t a r y u n i t s ( 1 ) . 
T a y l o r e n v i s i o n e d a c o l l e c t i o n o f t ime s t u d y s t a n d a r d s which would e n ­
compass v i r t u a l l y a l l p o s s i b l e work s i t u a t i o n s , thus e l i m i n a t i n g the need 
f o r s t o p watch s t u d i e s e x c e p t i n u n u s u a l c a s e s ( 2 ) . However, a l i b r a r y 
of t h e s e t i m e s c o u l d h a r d l y b e c o n s i d e r e d b a s i c m o t i o n t ime s t a n d a r d s 
s i n c e t h e t ime v a l u e s would b e e l e m e n t a l t i m e s . B a s i c mot ion t i n e s had 
t o a w a i t the deve lopment o f two t h i n g s : f i r s t , the breakdown o f mot ions 
i n t o b a s i c movements; and s e c o n d , a t i m i n g d e v i c e which would a l l o w measure ­
ment i n s u c h s m a l l i n c r e m e n t s . 
Frank B . G i l b r e t h and L i l l i a n M. G i l b r e t h a s s i s t e d m a t e r i a l l y i n 
the advance of p r e d e t e r m i n e d m o t i o n and t ime s t u d y when t h e y d e v e l o p e d 
the f i r s t breakdown o f human work i n t o s e v e n t e e n s e p a r a t e c a t e g o r i e s 
c a l l e d t h e r b l i g s . They a l s o d e v e l o p e d a f i l m a n a l y s i s t e c h n i q u e which 
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would a l l o w a c c u r a t e t i m i n g of e x t r e m e l y s m a l l d i v i s i o n s of work ( 3 ) . The 
same t e c h n i q u e can b e used t o d a y f o r e v e n more r e f i n e d t i m i n g through t h e 
use o f h i g h s p e e d p h o t o g r a p h y . 
Between 1900 and 1930 v e r y l i t t l e was done w i t h s y n t h e s i s ; a few 
s t a n d a r d d a t a s y s t e m s were d e v e l o p e d . These s y s t e m s , i n v o l v i n g t r e a t ­
ment o f l a r g e w o r k d i v i s i o n s , i . e . , m u l t i - m o v e m e n t s , were n e c e s s a r i l y 
l i m i t e d i n t h e i r a p p l i c a t i o n . The f i r s t e f f o r t t o f o r m u l a t e p r e d e t e r m i n e d 
t i m e v a l u e s f o r s i n g l e b a s i c mot ions was made s h o r t l y b e f o r e 1 9 3 0 , when 
A s a B . Segur e v o l v e d t h e Segur "Law", This law s t a t e s , " W i t h i n p r a c t i c a l 
l i m i t s t h e t i m e s r e q u i r e d to per form t r u e fundamenta l motions a r e c o n s t a n t 
( U ) . " This law m i g h t be c a l l e d t h e b a s i s f o r a l l s y n t h e s i s s y s t e m s . How­
e v e r , s i n c e S e g u r has not d e f i n e d t h e " p r a c t i c a l l i m i t s " , h i s law i s n o t 
t o o m e a n i n g f u l as s u c h . As a r e s u l t o f h i s i n v e s t i g a t i o n s concern ing b a s i c 
m o t i o n s Segur d e v e l o p e d a s y n t h e s i s sys tem c a l l e d M o t i o n - T i m e - A n a l y s i s . 
The t i m i n g d e v i c e used i n d e v e l o p i n g h i s d a t a f o r t h i s sys tem was a kymo­
graph ( £ ) • A kymograph i s a machine which r e c o r d s t ime v a l u e s by means o f 
l i n e s drawn on a s y n c h r o n o u s l y d r i v e n paper t a p e . E x t r e m e l y s h o r t i n t e r ­
v a l s may b e t i m e d a c c u r a t e l y by i t s use ( 6 ) . M o t i o n - T i m e - A n a l y s i s i s a 
v e r y r e f i n e d sys t em i n t h a t i t t r e a t s fundamenta l body movements and s e n ­
s o r y r e a c t i o n s . A r e f i n e d s y n t h e s i s s y s t e m p r o v i d e s means f o r a n a l y z i n g 
and e v a l u a t i n g i n d i v i d u a l movements i n the s m a l l e s t d e t a i l . A c c o r d i n g l y , 
m a s t e r y o f i t s usage r e q u i r e s e x t e n s i v e , s p e c i a l i z e d t r a i n i n g . S i n c e i t s 
i n c e p t i o n , t h e d e r i v a t i o n of t h e Segur d a t a has b e e n k e p t a c l o s e l y guarded 
" b u s i n e s s " s e c r e t and t h e system has b e e n a d m i n i s t e r e d o n l y b y the A . B . 
S e g u r Company. Because o f t h i s , no i n f o r m a t i o n concerned w i t h the v a l i d i t y 
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o f t h e d a t a i s a v a i l a b l e t o t h e p u b l i c . 
The f i r s t s y n t h e s i s sys tem t o b e p u b l i s h e d i n d e t a i l f o r the p u b l i c 
was d e v e l o p e d f o r the G e n e r a l E l e c t r i c Company around 1 9 3 5 b y Harold Eng-
s trom and h i s a s s o c i a t e s . S u i t a b l e m o t i o n c l a s s i f i c a t i o n s were d e v e l o p e d 
b y e x t e n s i v e mot ion p i c t u r e s t u d i e s ( 7 ) « The m o t i o n c l a s s i f i c a t i o n s 
chosen were not i n d i v i d u a l mot ions b u t s m a l l combinat ions of m o t i o n s . As 
a r e s u l t , t h i s s y s t e m i s l i m i t e d t o c e r t a i n t y p e s o f a p p l i a n c e a s s e m b l y 
o p e r a t i o n s f o r w h i c h i t was s p e c i f i c a l l y d e s i g n e d . 
The n e x t s i g n i f i c a n t s y n t h e s i s system appeared i n 1 9 3 8 w i t h t h e 
p u b l i c a t i o n of A p p l i e d Time and M o t i o n S t u d y b y W a l t e r G . Ho lmes . Holmes 
c a l l s h i s s y s t e m Body Member Movement T i m e s . Like S e g u r ' s M o t i o n - T i m e -
A n a l y s i s , i t e n t a i l s a v e r y r e f i n e d breakdown of i n d i v i d u a l body m o v e ­
ments and s e n s o r y r e a c t i o n s ( 8 ) . A c c o r d i n g l y , i t i s i n t e n d e d f o r use on 
any t y p e o f manual o p e r a t i o n . A l t h o u g h the d e r i v a t i o n of Holmes' d a t a 
has b e e n p u b l i s h e d i n d e t a i l , v e r y l i m i t e d a p p l i c a t i o n o f h i s sys tem has 
b e e n made . Thi s i s p r o b a b l y due t o t h e c o m p l e x i t y and r e f i n e m e n t of t h e 
system and i t s l a c k o f p r o m o t i o n . I t i s d o u b t f u l whether anyone e x c e p t 
M r . Holmes has c o m p l e t e l y unders tood i t s a p p l i c a t i o n . Contemporaneous ly , 
a n o t h e r r e f i n e d , y e t more e a s i l y l e a r n e d , s y n t h e s i s sy s t em was d e v e l o p e d . 
I t was c a l l e d t h e W o r k - F a c t o r s y s t e m , and was s p e c i f i c a l l y d e s i g n e d t o 
e s t a b l i s h i n c e n t i v e r a t e s f o r mass p r o d u c t i o n and s h o r t c y c l e o p e r a t i o n s . 
"The o r i g i n a l r e s e a r c h f o r the W o r k - F a c t o r sy s t em was of such a na ture 
t h a t measurements were made i n t i m e s o f 0 . 0 0 0 1 minutes ( 9 ) . " Because i t 
was e a s i e r t o a p p l y t h a n i t s p r e d e c e s s o r s , t h e W o r k - F a c t o r s y s t e m proved 
s u c c e s s f u l . 
Through t h e a p p l i c a t i o n o f t h e W o r k - F a c t o r s y s t e m t o work c y c l e s 
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e n t a i l i n g numerous movements o f d i f f e r e n t t ime d e t e r m i n a n t c h a r a c t e r , the 
a u t h o r s o f t h e s y s t e m r e a s o n e d t h a t s u f f i c i e n t p r e c i s i o n i n e s t i m a t i n g 
c y c l e t i m e s c o u l d b e a c h i e v e d b y a l e s s r e f i n e d p r o c e d u r e . Thus, t h e 
S i m p l i f i e d W o r k - F a c t o r sy s t em was d e v e l o p e d f o r u s e w i t h n o n - r e p e t i t i v e 
o r l o n g c y c l e o p e r a t i o n s . The S i m p l i f i e d W o r k - F a c t o r sy s t em d i f f e r s from 
the r e f i n e d W o r k - F a c t o r sys tem i n t h a t i t t r e a t s combina t ions o f movements 
r a t h e r than i n d i v i d u a l movements . Thus, through i t s u s e t ime s tandards 
f o r n o n - r e p e t i t i v e o r l o n g c y c l e o p e r a t i o n s can b e e s t a b l i s h e d more r a p i d l y 
and e c o n o m i c a l l y than v i a t h e r e f i n e d W o r k - F a c t o r s y s t e m . However i t s u s e 
c a l l e d f o r a thorough knowledge o f the r e f i n e d W o r k - F a c t o r s y s t e m . As a 
r e s u l t , a n o t h e r s y s t e m c a l l e d A b b r e v i a t e d W o r k - F a c t o r was d e v e l o p e d . I t s 
u s e and breakdown i s s i m i l a r t o the S i m p l i f i e d W o r k - F a c t o r sys tem b u t i t 
f i l l s t h e need f o r a more e a s i l y l e a r n e d sys t em ( 1 0 ) . 
The Methods-Time Measurement sys tem a u t h o r e d b y Maynard, S t e g e m e r t e n , 
and Schwab was a s y n t h e s i s sy s t em d e v e l o p e d toward the end o f W o r l d War I I . 
I t d i f f e r s f rom t h e r e f i n e d W o r k - F a c t o r sys tem i n t h a t combina t ions o f 
movements r a t h e r than i n d i v i d u a l movements a r e t r e a t e d s e p a r a t e l y . Methods -
Time Measurement , l i k e A b b r e v i a t e d W o r k - F a c t o r , t a b u l a t e s a l i m i t e d number 
of p o s s i b l e c o m b i n a t i o n s of t i m e v a l u e s f o r c e r t a i n c o m b i n a t i o n s o f move­
m e n t s . The a u t h o r s have s i m p l i f i e d t h e i r d a t a t o the p o i n t where i t can 
a l l b e p l a c e d on one s m a l l c a r d . They have made a v a i l a b l e t o t h e p u b l i c 
the methods u s e d i n c o l l e c t i n g and a n a l y z i n g t h e i r d a t a , as w e l l as d e t a i l ­
ed d e s c r i p t i o n s o f t h e i r a p p l i c a t i o n ( 1 1 ) . 
The most r e c e n t s y n t h e s i s s y s t e m , which i s s i m i l a r t o Methods-Time 
Measurement , i s t h a t d e v e l o p e d b y J . D . Woods and Gordon, L t d . This sys tem 
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i s c a l l e d B a s i c M o t i o n Time S t u d y . A g a i n , c o m b i n a t i o n s of movements a r e 
t h e b a s i s f o r t h e p r e d e t e r m i n e d t ime v a l u e s . Throughout t h e development 
o f t h e s y s t e m t h e authors have a t t e m p t e d t o b u i l d i n t o i t e a s e o f u n d e r ­
s t a n d i n g . They have t r i e d t o produce a s y s t e m t h a t i s e a s i e r t o t e a c h , 
l e a r n , and a p p l y . The t i m e d a t a o f t h i s s y s t e m a r e a l s o l i s t e d on one 
s m a l l c a r d . 
A l l of t h e l a t e s t s y n t h e s i s s y s t e m s a r e g e n e r a l l y s i m i l a r i n s t r u c ­
t u r e . They u s e c o m b i n a t i o n s o f mot ions a s a b a s i s f o r t h e i r p r e d e t e r m i n e d 
t ime v a l u e s a s a means of s i m p l i f y i n g a p p l i c a t i o n . The d i f f e r e n c e s among 
t h e s e sys t ems appear i n t h e m o t i o n breakdown. The t r e n d toward s i m p l i f i ­
c a t i o n o f s y n t h e s i s , -through the t r e a t m e n t of l a r g e r movement d i v i s i o n s , 
has d e c r e a s e d t h e t i m e e s t i m a t i o n p r e c i s i o n a t t a i n a b l e v i a t h e t r e a t m e n t 
o f i n d i v i d u a l movements . However, t h i s s i m p l i f i c a t i o n has marked ly e x ­
t ended t h e usage of s y n t h e s i s i n m o t i o n s t u d y t r a i n i n g and i n the a p p l i c a ­
t i o n o f m o t i o n s t u d y . 
Advantages o f S y n t h e s i s . — P e r h a p s the m o s t i m p o r t a n t advantage o f s y n t h e s i s 
i s t h a t i t f o r c e s t h e u s e r t o become m o t i o n c o n s c i o u s . S i n c e the normal 
t ime f o r a g i v e n t a s k i s e s t i m a t e d by t h e a d d i t i o n of p r e d e t e r m i n e d t ime 
v a l u e s a p p l i e d t o a m o t i o n p a t t e r n breakdown, the a c t of b r e a k i n g down 
the t a s k i n t o i t s m o t i o n p a t t e r n s t i m u l a t e s mot ion c o n s c i o u s n e s s . The 
c l o s e r e l a t i o n s h i p between mot ion s t u d y and s y n t h e s i s i s s u g g e s t e d b y t h e 
a u t h o r s of Mot ion-T ime Measurement as f o l l o w s , "The method d e t e r m i n e s t h e 
t i m e , and t h e t i m e e s t a b l i s h e s w h i c h method i s b e s t . I t i s f e l t t h a t the 
Methods-Time Measurement Procedure • • • • which c o n s i d e r s methods and 
t i m e s s i m u l t a n e o u s l y , s o l v e s t h e d i f f i c u l t y i n c a s e s where i t i s a p p l i c a b l e 
( 1 2 ) . " H e r b e r t Lynch, i n w r i t i n g f o r t h e J o u r n a l o f I n d u s t r i a l E n g i n e e r i n g , 
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f e l t s o s t r o n g l y about s y n t h e s i s i n d u c i n g m o t i o n c o n s c i o u s n e s s t h a t he 
i n d i c a t e d t h a t t h i s advantage a l o n e would j u s t i f y i t s use (13). 
By u s i n g s y n t h e s i s a s a mot ion s t u d y t o o l , the d e t e r m i n a t i o n of 
j u s t how a t a s k i s t o be a c c o m p l i s h e d may be d e v e l o p e d from the i n d i v i d u a l 
m o t i o n s . S i n c e t ime s t a n d a r d s may be de termined b e f o r e p r o d u c t i o n s t a r t s , 
more r e a l i s t i c c o s t e s t i m a t e s may b e o b t a i n e d . Prede termined t ime s t a n d ­
a r d s , r e l e a s e d when t h e j o b s t a r t s , w i l l e l i m i n a t e "ho ld ing back" on the 
p a r t of t h e o p e r a t o r u n t i l t h e s t a n d a r d s are s e t . 
Time s t a n d a r d s a r e l i k e l y t o b e more c o n s i s t e n t when e s t a b l i s h e d 
b y s y n t h e s i s than when e s t a b l i s h e d w i t h the s t o p w a t c h . T h i s i s m a i n l y 
due t o t h e f a c t t h a t the d i f f i c u l t and c o n t r o v e r s i a l d i scernment of r a t i n g 
a t ime s t u d y i s r e p l a c e d b y t h e s e l e c t i o n of a proper m o t i o n p a t t e r n . Not 
o n l y i s t h i s a f a r s i m p l e r d e c i s i o n b u t i t o f f e r s f ewer c h o i c e s . T h e r e f o r e , 
t h e r e s u l t s a r e l i k e l y t o be more c o n s i s t e n t . S i n c e s y n t h e s i z e d t ime s t a n d ­
ard i s made up o f a g r e a t d e a l o f s m a l l t ime e s t i m a t e s which a r e added t o ­
g e t h e r , a g r e a t e r chance i s a l l o w e d f o r the p l u s and minus e r r o r s i n t h e 
e s t i m a t e d n o r m a l t i m e s o f the p a r t s t o c a n c e l out t h a n i s t h e c a s e i n s t o p 
w a t c h t ime s t u d y . T h i s t e n d s t o g i v e more c o n s i s t e n t normal c y c l e t ime 
e s t i m a t e s and as a r e s u l t , more c o n s i s t e n t j o b t ime s t a n d a r d s ( l U ) . 
S y n t h e s i s sys tems g e n e r a l l y d e a l w i t h more r e f i n e d j o b breakdowns 
and d e s c r i p t i o n s than do s t o p watch s t u d i e s . These j o b breakdowns have 
been advantageous i n t e a c h i n g new o p e r a t o r s t h e i r j o b s . P . J . B r a d y , when 
d i s c u s s i n g t h e 7 f o r k - F a c t o r sys tem c l a i m e d t h a t i n some c a s e s , a f t e r the 
a p p l i c a t i o n o f s y n t h e s i s , j o b t r a i n i n g p e r i o d s were cut i n h a l f (15) • 
Another i m p o r t a n t advantage o f s y n t h e s i s i s t h a t i t t e n d s t o min imize 
r a t e g r i e v a n c e s . I t i s g e n e r a l l y c o n s i d e r e d t h a t the s t o p w a t c h , t h e ha ted 
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symbol o f " e f f i c i e n c y " , has accounted f o r c o n s i d e r a b l e l a b o r t r o u b l e . I t s 
r e l e g a t i o n t o a minor r o l e -would, t h e r e f o r e , be an a d v a n t a g e . The f a c t 
t h a t s y n t h e s i s a c c o m p l i s h e s t h i s o b j e c t i v e and. a t the same t ime produces 
more c o n s i s t e n t t ime s t a n d a r d s e x p l a i n s why g r i e v a n c e s o v e r t i m e s t a n d a r d s 
a r e g e n e r a l l y reduced v i a s y n t h e s i s • 
The mos t r e c e n t s y n t h e s i s s y s t e m s , when p r o p e r l y a p p l i e d , have 
p r o v e d v e r y s u c c e s s f u l . They have p r o v i d e d the n e c e s s a r y impetus which 
may someday f u l f i l l a v i s i o n which R o b e r t MacLatchie e x p r e s s e d t h i s way ," 
. . . • t h e d a y i s n o t f a r o f f when i n d u s t r y w i l l d i s c a r d the s t o p w a t c h , 
w i l l a b o l i s h l e v e l i n g and w i l l e s t a b l i s h t i m e s t u d y r a t e s d i r e c t l y from 
fundamenta l m o t i o n - t i m e s tandards" ( 1 6 ) . 
D i s a d v a n t a g e s o f S y n t h e s i s . — T h e mos t w i d e l y d i s c u s s e d d i s a d v a n t a g e o f 
s y n t h e s i s has been the s e c r e c y surrounding the d e t e r m i n a t i o n o f the b a s i c 
m o t i o n t i m e s . The s e n t i m e n t r e g a r d i n g t h i s i s b e s t d e s c r i b e d b y Gomberg 
who w r o t e : 
What i s t h e r e a c t i o n of a un ion e n g i n e e r t o be then when 
he i s c o n f r o n t e d b y a n a t i o n a l l y known c o n s u l t a n t who a s s u r e s 
him t h a t i t i s p o s s i b l e t o measure the t ime t h a t i t s h o u l d t a k e 
a s k i l l e d p e r s o n t o per form e l e m e n t a r y mot ions t o an i m p l i e d 
a c c u r a c y o f one one-hundred t h o u s a n d t h of a minute? Y e t I have 
a manual i n my p o s s e s s i o n which g i v e s f i g u r e s t o such an accuracy 
and e x p e c t s us t o r e s p e c t s y n t h e t i c s t a n d a r d s b u i l t on t h e s e 
f i g u r e s . I f a t l e a s t t h e methods b y Y f h i c h t h e s e f i g u r e s were 
o b t a i n e d were p u b l i s h e d , we c o u l d weigh them i n t e l l i g e n t l y , b u t 
t h i s p r o f e s s i o n a l knowledge i s t r e a t e d as a b u s i n e s s s e c r e t ( 1 7 ) . 
Gomberg's r e f e r e n c e was t o S e g u r , whose c o n f i d e n t i a l manual had come i n t o 
h i s p o s s e s s i o n . S e c r e c y i s n o t i n the b e s t i n t e r e s t of the i n d u s t r i a l 
e n g i n e e r i n g p r o f e s s i o n . I t has c r e a t e d s u s p i c i o n and has p r e v e n t e d e v a l u a ­
t i o n and c o n s t r u c t i v e c r i t i c i s m . As a r e s u l t , the a u t h o r s o f the more 
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r e cen t systems have publ ished t h e i r data and t h e i r support ing evidence 
f o r the p u b l i c . 
P a r t l y as a r e s u l t of the s e c r e c y mentioned above, s e v e r a l i n v e s ­
t i g a t i o n s -were conducted t o determine i f s i g n i f i c a n t d i f f e r e n c e s e x i s t e d 
between the time syn thes i s produced by the var ious sys tems . One such i n ­
v e s t i g a t i o n , conducted by H. 0. Davidson, concluded tha t the motion t imes 
a r r i v e d at by the Work-Factor, Holmes' , and Methods-Time Measurement systems 
d i f f e r e d s i g n i f i c a n t l y ( 1 8 ) . 
Evidence intended t o support the accuracy of the Methods-Time Measure­
ment system -was publ ished by i t s authors (19) • I t c o n s i s t e d of a compari­
son between s top watch standards and Methods-Time Measurement s tandards and, 
t h e r e f o r e , did not support the v a l i d i t y of t h e system i n a n y w a y . I t com­
pared two s y s t e m s , ne i t he r of which were proved v a l i d . The v a l i d i t y of 
some systems have been quest ioned on the bas i s of the f a c t tha t r a t i n g was 
used to l e v e l the s y n t h e s i s d a t a . I t , t h e r e f o r e , fo l lows t h a t one of the 
most ques t ionable pa r t s of s top watch time study could have been incorpora ted 
i n t o s y n t h e s i s . 
None of the presen t syn thes i s systems i s capable of e s t a b l i s h i n g time 
standards f o r work i n v o l v i n g a high degree of s k i l l . A c c o r d i n g l y , t hey l ack 
the a b i l i t y t o cope wi th a l l j obs and must be used w i t h i n the l i m i t s s e t by 
t h e i r development. Jobs which s u b j e c t the whole or par t s of the body t o 
undue f a t i g u e cannot be syn thes i zed a c c u r a t e l y s i nce the problem of f a t i gue 
al lowance remains unso lved . Also unsolved i s the al lowance necessary f o r 
jobs i n v o l v i n g n o n - r e p e t i t i v e work where h e s i t a t i o n s and f a l s e motions p r e ­
v a i l . 
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A n o t h e r d i s a d v a n t a g e of s y n t h e s i s r e s u l t s f rom t h e c o m p l e x i t y o f 
i t s a p p l i c a t i o n . The r e f i n e d s y n t h e s i s sys tems t r e a t work i n i t s s m a l l e s t 
d i v i s i o n s , i , e , , movements and s e n s o r y r e a c t i o n s . As a r e s u l t , the t r a i n ­
i n g o f a n a l y s t s n o t o n l y r e q u i r e s a l o n g e r t ime than the l e s s r e f i n e d or 
" a b b r e v i a t e d " s y s t e m s b u t a l s o r e q u i r e s h i g h l y s k i l l e d i n s t r u c t o r s . The 
s i m p l i f i e d s y s t e m s , w i t h t h e i r l e s s r e f i n e d d a t a , a r e n o t s u b j e c t t o t h i s 
d i s a d v a n t a g e . They have s a c r i f i c e d a c c u r a c y and a r e more l i m i t e d i n t h e i r 
a p p l i c a t i o n . H e r b e r t Lynch, when c o n s i d e r i n g t h e l i m i t a t i o n s o f s y n t h e s i s , 
s t a t e d t h a t b o t h the r e f i n e d and a b b r e v i a t e d sys tems r e q u i r e "judgment o f 
a h igh order t o d e c i d e e x a c t l y what mot ions c o u l d and s h o u l d b e employed 
by the ' a v e r a g e 1 q u a l i f i e d o p e r a t o r s who per form t h e work c y c l e j w h e t h e r 
c e r t a i n mot ions can b e p e r f o r m e d s i m u l t a n e o u s l y w i t h the r i g h t and l e f t -
hand , w h e t h e r g r a s p s and p o s i t i o n i n g s can t a k e p l a c e w i t h o u t t h e eyes 
b e i n g f o c u s e d on p o i n t of c o n t a c t , and o t h e r d i f f i c u l t c o n s i d e r a t i o n s 
( 2 0 ) . " 
Mundel s t a t e d a n o t h e r o b j e c t i o n t o s y n t h e s i s , as f o l l o w s : " E x p e r i ­
ments have shown t h a t t h e r b U g t i m e s a r e i n f l u e n c e d i n a complex f a s h i o n 
b y t h e p r e c e d i n g and f o l l o w i n g t h e r b l i g s , as w e l l a s b y o t h e r f a c t o r s , and 
c o n s e q u e n t l y c a n , i n most c a s e s , h a r d l y b e g i v e n as i n d e p e n d e n t v a l u e s 
( 2 1 ) . " One of t h e e x p e r i m e n t s on which Mundel bases t h i s c o n c l u s i o n i s 
S t u d i e s of Hand M o t i o n s and Rhythm i n F a c t o r y TTbrk. This exper iment i n ­
v o l v e d a s t u d y o f t h e t i m e s n e c e s s a r y t o c a r r y , p o s i t i o n , and p l a c e s m a l l 
c y l i n d e r s i n a h o l e w i t h a b e v e l e d mouth o p e n i n g . A l l p o r t i o n s of the 
e x p e r i m e n t w e r e kept c o n s t a n t e x c e p t t h e amount o f b e v e l . As was a n t i c i ­
p a t e d , p o s i t i o n i n g t ime was found t o v a r y i n d i r e c t l y w i t h t h e amount o f 
b e v e l . However, i t was found t h a t a l t h o u g h t h e t r a n s p o r t t ime v a r i e d , 
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t h e pa th and d i s t a n c e of the t r a n s p o r t s remained c o n s t a n t ( 2 2 ) , B a s i c 
M o t i o n Time S t u d y i s t h e f i r s t s y n t h e s i s sys tem t o c o n s i d e r t h i s r e l a t i o n ­
s h i p : movement t i m e s a r e t a b u l a t e d f o r f i v e d i f f e r e n t t y p e s of t e r m i n a t i n g 
m o t i o n s . The a u t h o r s a l s o f o u n d t h a t the c a r e n e c e s s a r y f o r g r a s p i n g and 
p l a c i n g o b j e c t s a f f e c t s t h e t ime f o r t h e movement i n a l i k e manner, and 
t h a t p r e c i s i o n a l l o w a n c e s i n c r e a s e as the d i s t a n c e moved i n c r e a s e s . P r o ­
v i s i o n has been made i n t h e B a s i c M o t i o n Time S tudy t i m e - d a t a t a b l e t o 
a l l o w f o r t h e s e e f f e c t s . 
F i n d i n g s R e l e v a n t t o the P r o b l e m . — T h e c o n t r o v e r s i a l p a r t of s y n t h e s i s 
under i n v e s t i g a t i o n i s the h a n d l i n g of compound-motion i m p e d a n c e s . F o r 
e x a m p l e , t h e Yiork-Factor sys tem t r e a t s each impedance as a f a c t o r . The 
f a c t o r s l i s t e d a r e : w e i g h t , o r r e s i s t a n c e ; d i r e c t i o n a l c o n t r o l , or s t e e r ; 
c a r e , or p r e c a u t i o n ; change of d i r e c t i o n ; and d e f i n i t e s t o p . The d e x t e r i t y 
n e c e s s a r y t o per form a m o t i o n i s c o n v e r t e d i n t o t h e s e f a c t o r s which are 
" i n t e r c h a n g e a b l e i n terms o f t h e i r e f f e c t s on the t ime r e q u i r e d t o per form 
t h e mot ion ( 2 3 ) * " One impedance would be a s s i g n e d one f a c t o r ; two impedances 
i n v o l v e d i n a s i n g l e m o t i o n would b e a s s i g n e d two f a c t o r s ; t h r e e impedances 
would b e a s s i g n e d t h r e e f a c t o r s ; and f o u r impedances would be a s s i g n e d f o u r 
f a c t o r s . The W o r k - F a c t o r t a b l e l i s t s the t i m e s needed f o r b a s i c mot ions 
of v a r i o u s d i s t a n c e s and t h e t i m e s needed f o r impeded mot ions i n v o l v i n g 
o n e , t w o , t h r e e , and f o u r impedances ( f a c t o r s ) . The i n c r e a s e i n t ime due 
t o the a d d i t i o n of a n o t h e r f a c t o r v a r i e s somewhat, b u t i n most c a s e s i s 
a l m o s t a c o n s t a n t . Th i s i s p a r t i c u l a r l y t r u e o f movement d i s t a n c e s o f from 
f i f t e e n t o t w e n t y - f o u r i n c h e s f o r the f i r s t t h r e e f a c t o r s . The amount added 
b y a f o u r t h f a c t o r i s somewhat l e s s i n a l m o s t e v e r y c a s e . The amounts added 
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b y the f i r s t through t h i r d f a c t o r s f o r a f i f t e e n i n c h movement are 0.0020, 
0,0021, and 0.0021 minutes r e s p e c t i v e l y ; t h e a d d i t i o n of a f o u r t h f a c t o r 
p r o d u c e s a time i n c r e a s e of 0,0016 minutes (2U), 
I n summary, t h e W o r k - F a c t o r method of hand l ing a compound impedance 
can b e b e s t e x p l a i n e d w i t h the f o l l o w i n g example • A movement of the hand 
i n v o l v i n g a f i f t e e n i n c h t r a n s p o r t of a r a d i o t u b e g r i d t o a s a s s e m b l y j i g 
might i n v o l v e two f a c t o r s ; one f a c t o r f o r the c a r e o r p r e c a u t i o n n e c e s s i ­
t a t e d b y the f r a g i l i t y of the g r i d and one f a c t o r f o r the d i r e c t i o n a l c o n ­
t r o l needed t o a l i g n t h e g r i d l e g s w i t h the h o l e s i n t h e m i c a i n t o which 
i t i s t o b e mounted . The e s t i m a t e d normal t ime f o r t h i s t r a n s p o r t would 
b e found b y r e f e r r i n g t o the arm movement d a t a t a b l e and s e l e c t i n g t h e 
t i m e l i s t e d f o r a f i f t e e n i n c h , two f a c t o r movement. 
The A b b r e v i a t e d W o r k - F a c t o r sys tem a l l o w s f o r impedances by t h e 
a d d i t i o n of " A b b r e v i a t e d U n i t s , " These u n i t s are used f o r the computat ion 
of the normal t ime f o r a t a s k and a r e 0.00£ minutes i n d u r a t i o n . The s i ­
mul taneous m o t i o n a l l o w a n c e i s one u n i t , r e g a r d l e s s of where i t i s u t i l i z e d . 
A d d i t i o n a l u n i t s a r e a l s o added t o compensate f o r the e f f e c t of w e i g h t . F o r 
e x a m p l e , one a d d i t i o n a l u n i t i s added t o a t r a n s p o r t movement i n v o l v i n g 
c a r r y i n g or p u s h i n g a w e i g h t i n e x c e s s of two pounds . Other impedances a r e 
a l l o w e d f o r by t h e d e t e r m i n a t i o n of the proper t r a n s p o r t c l a s s i f i c a t i o n ; a 
" c l a s s #1" t r a n s p o r t t a k e s one u n i t t o comple te w h i l e a " c l a s s #2" t r a n s ­
p o r t t a k e s t w o . However, one impedance o r s e v e r a l may s t i l l produce a 
" c l a s s #2" t r a n s p o r t ; s i n c e i t i s t h e mos t c o m p l i c a t e d t r a n s p o r t the d a t a 
t a b l e l i s t s . 
A n o t h e r method of hand l ing i m p e d a n c e s , which d i f f e r s from t h a t chosen 
b y t h e a u t h o r s of t h e W o r k - F a c t o r system*, i s t h e method used i n t h e M e t h o d s -
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Time Measurement s y s t e m . The t ime v a l u e s a r e t a b u l a t e d w i t h v a r i o u s im­
pedances l i s t e d s e p a r a t e l y w i t h t h e e x c e p t i o n o f w e i g h t which i s a l l o w e d 
f o r b y a m u l t i p l y i n g f a c t o r (25)• H . 0. Davidson p o i n t e d o u t t h a t f o r a 
p a r t i c u l a r e l e m e n t a l t ime t o have s p e c i f i c meaning i t must b e a s s i g n e d t o 
a "unique" e l e m e n t , one t h a t "cannot b e reduced t o s u b - c l a s s e s hav ing 
s i g n i f i c a n t l y d i f f e r e n t t ime v a l u e s among t h e m s e l v e s (26) , " The M e t h o d s -
Time Measurement s y s t e m does n o t s a t i s f y t h i s c r i t e r i o n . The p h r a s e " c a n ­
n o t b e r e d u c e d t o s u b - c l a s s e s hav ing s i g n i f i c a n t l y d i f f e r e n t t ime v a l u e s 
among t h e m s e l v e s " r e f e r s t o the f a c t t h a t a t ime f o r a p a r t i c u l a r e l ement 
wou ld b e t h e o n l y t ime v a l u e t h a t t h e e l ement c o u l d h a v e . I f a p a r t i c u l a r 
e l e m e n t c o u l d be f u r t h e r s u b d i v i d e d i n t o s m a l l e r i n d i v i d u a l e l ements w i t h 
s i g n i f i c a n t l y d i f f e r e n t t ime v a l u e s then t h e e l ement i s n o t "un ique" , D a v i d ­
son gave examples o f Methods-Time Measurement e l ements which c o u l d b e f u r t h e r 
s u b d i v i d e d . He a l s o s t a t e d t h a t t h e " P r i n c i p l e o f the L i m i t i n g M o t i o n " , 
e x p l a i n e d b e l o w , a l s o d e n i e s t h e u n i q u e n e s s o f t h e e l e m e n t s . The a u t h o r s 
o f t h i s s y s t e m u s e d t h i s " p r i n c i p l e " i n t h e i r d a t a and o f f e r e d t h e f o l l o w ­
i n g a n a l o g y as an example o f a l i m i t i n g m o t i o n : 
a s i m p l e example , • • , • the r e a d i n g o f a l e t t e r w h i l e r i d i n g 
t o work , i s c o n s i d e r e d . W h i l e b e i n g t r a n s p o r t e d t o a d e s t i n a ­
t i o n , t h e r e a d i n g o f t h e l e t t e r i s a c c o m p l i s h e d . On t h e assump­
t i o n t h a t the t ime f o r t r a v e l i n g i s f i f t e e n minutes and t h e 
r e a d i n g t i m e i s f i v e m i n u t e s , b o t h t a s k s are a c c o m p l i s h e d w i t h i n 
the f i f t e e n minutes o f t r a v e l i n g t i m e . I n t h i s i n s t a n c e , the 
t r a v e l i n g t ime would b e the l i m i t i n g f a c t o r . I f t h e l e t t e r were 
r e a d a f t e r a r r i v i n g a t the d e s t i n a t i o n , the t ime r e q u i r e d f o r the 
two o p e r a t i o n s would b e f i f t e e n minutes o f t r a v e l i n g t ime p l u s 
f i v e minutes o f r e a d i n g t i m e , o r twenty minutes i n a l l . By 
combining t h e r e a d i n g o f t h e l e t t e r w i t h t h e t r a v e l i n g , the t ime 
f o r p e r f o r m i n g the two o p e r a t i o n s i s r e d u c e d b y t w e n t y - f i v e p e r 
c e n t . The same r e a s o n i n g a p p l i e d to m o t i o n s . I f two or more 
m o t i o n s a r e combined o r o v e r l a p p e d , a l l can be p e r f o r m e d i n t h e 
t ime r e q u i r e d t o per form t h e one demanding the g r e a t e s t amount 
o f t i m e , o r t h e l i m i t i n g m o t i o n (27) . 
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This method o f h a n d l i n g compound impedances i n d i c a t e s a d i s r e g a r d f o r t h e i r 
e f f e c t . The movement t imes canno t b e a p p l i e d t o some c o m b i n a t i o n s o f com­
pound i m p e d a n c e s . 
The B a s i c Mot ion Time s tudy sys tem l i s t s t ime v a l u e s f o r f i v e t y p e s 
o f " r e a c h o r move" mo t ions o f v a r i o u s d i s t a n c e s . The s e l e c t i o n o f the 
a p p l i c a b l e tijne depends on the a c t w h i c h t e rmina t e s the m o t i o n . A " p r e ­
c i s i o n " a l l o w a n c e i s added t o the move time t o a l l o w f o r g ra sp o r r e l e a s e 
r e q u i r i n g e x a c t l o c a t i o n o f t he f i n g e r t i p s . A s i m i l a r a d d i t i o n i s u s e d 
f o r s imu l t aneous m o t i o n s . The s e l e c t i o n o f the t ime v a l u e f o r s imul t aneous 
m o t i o n s i s de t e rmined b y the d i s t a n c e moved and the r e q u i r e d d i s t a n c e b e ­
tween the f i n g e r t i p s i n o r d e r t o g ra sp an o b j e c t . Aga in , no p r o v i s i o n i s 
made f o r p o s s i b l e s low-down due t o some c o m b i n a t i o n s o f compound impedances 
( 2 8 ) . 
Mundel, i n h i s b o o k Mot ion and Time S tudy , P r i n c i p l e s and P r a c t i c e , 
a d v o c a t e s t he u s e o f " o b j e c t i v e r a t i n g " when making t ime s t u d i e s . When 
o b j e c t i v e r a t i n g i s u s e d the o b s e r v e d p a c e i s compared t o an " o b j e c t i v e 
p a c e s tandard" wh ich i s a c o n s t a n t . The r a t i n g i s made w i t h o u t r e g a r d t o 
d i f f i c u l t y o f t he j o b under o b s e r v a t i o n . R a t i n g i s l a t e r e s t i m a t e d b y a 
p r o c e s s wh ich Mundel c a l l s " s e c o n d a r y ad jus tmen t " . Each e lement i s r a t e d 
s e p a r a t e l y . S i m i l a r l y , each e l ement has i t s s e c o n d a r y ad jus tmen t . The 
s e c o n d a r y ad jus tments c o n s i d e r : 
1. T o t a l amount o f b o d y i n v o l v e d i n t he e l e m e n t ; 
2 . F o o t p e d a l s u s e d du r ing the e l e m e n t ; 
3 . Bimanualness o f the e l e m e n t ; 
Iu Eye-hand c o - o r d i n a t i o n r e q u i r e d t o pe r fo rm the e l emen t ; 
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5 . Handl ing or s e n s o r y requ irement of the e l e m e n t ; 
6 . R e s i s t a n c e t h a t mus t b e overcome on t h e e l e m e n t — t h a t 
i s , t h r i i s t on l e v e r s , or -weight l i f t e d ( 2 9 ) • 
These a d j u s t m e n t s are n o t u n l i k e t h e impedances under i n v e s t i g a t i o n . They 
are l i s t e d i n t a b u l a r form i n v a r y i n g d e g r e e s of d i f f i c u l t y . I n d i s c u s s i n g 
o b j e c t i v e r a t i n g Mundel s t a t e s : 
The t o t a l s econdary a d j u s t m e n t f o r an e lement -w i l l be the 
s i m p l e sum o f a l l the a p p r o p r i a t e v a l u e s from the s c a l e s 
( t a b l e s ) f o r a l l o f t h e f a c t o r s . 
As f a r as i s known a t p r e s e n t t h e s e f a c t o r s a r e a d d i t i v e . 
No complex i n t e r a c t i o n has y e t been found a t t h e e lement 
l e v e l ( 3 0 ) . 
The f a c t o r s ment ioned r e p r e s e n t the i n c r e a s e i n t ime due t o t h e a d d i t i o n 
of an impedance t o a b a s i c movement. Mundel s t a t e s t h a t the t ime e f f e c t 
a t t r i b u t a b l e t o combinat ions o f more t h a n one of t h e s e f a c t o r s , or i m ­
p e d a n c e s , i n a s i n g l e movement can be de termined b y adding the i n d i v i d u a l 
impedance t i m e s . 
C o n c l u s i o n . — T h e p r e s e n t s y s t e m s , -when not o v e r e x t e n d e d , have proved s u c ­
c e s s f u l i n s p i t e of t h e i r many s h o r t c o m i n g s . This p r o b a b l y r e s u l t s from 
the e x p e r i e n c e of the a n a l y s t s who a p p l y t h e s e s y s t e m s . They r e c o g n i z e 
t h e p a r t i c u l a r s y s t e m s ' d e f i c i e n c i e s a n d , t h e r e f o r e , min imize t h e i r e f f e c t 
or compensate f o r them. S i n c e the p r e s e n t s y s t e m s a r e g e n e r a l l y d i f f i c u l t 
t o a p p l y , t h e f a c t t h a t t h e y have a number of shor tcomings i n c r e a s e s the 
need f o r t h o r o u g h l y t r a i n e d and e x p e r i e n c e d a n a l y s t s . I n t h i s l i g h t the 
need f o r a more a c c u r a t e and more e a s i l y a p p l i e d s y s t e m becomes even more 
a p p a r e n t . Such a sys tem must b e c o n s t r u c t e d on a f i r m f o u n d a t i o n . Th i s 
f o u n d a t i o n w i l l depend upon u n d e r s t a n d i n g the a c t i o n s and i n t e r a c t i o n s o f 
t h e b a s i c m o t i o n s . A s o l i d f o u n d a t i o n has y e t t o be b u i l t . I t i s toward 
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t h i s end t h a t the p r e s e n t i n v e s t i g a t i o n of t h e e f f e c t s o f compound, m o t i o n 
impedances i s d i r e c t e d . 
2 2 
CHAPTER I I I 
INSTRUMENTATION AND EQUIPMENT 
I n t r o d u c t i o n . — T h e t ime e f f e c t s of v a r i o u s impedances , -when encountered 
s i n g u l a r l y and i n c o m b i n a t i o n , had t o b e d e t e r m i n e d by e x p e r i m e n t a t i o n . 
I n o r d e r t o do t h i s , a s u i t a b l e movement as w e l l a s a s u i t a b l e method o f 
t i m i n g had t o b e f o u n d . The movement chosen c o n s i s t e d o f moving a peg a 
d i s t a n c e o f f i f t e e n i n c h e s and r e t u r n i n g t o t h e o r i g i n a l s t a r t i n g p o i n t . 
I t was e v i d e n t t h a t o r d i n a r y methods of t i m i n g would be i n a d e q u a t e due t o 
t h e s h o r t t ime i n t e r v a l i n v o l v e d . This was c o m p l i c a t e d b y the f a c t t h a t 
t h e i n h e r e n t e r r o r i n most t i m i n g methods was of a p p r o x i m a t e l y the same 
magni tude as the i n t e r v a l under i n v e s t i g a t i o n , namely t h e l e n g t h of t ime 
added t o a b a s i c movement b y an impedance . 
I t would b e p o s s i b l e t o t ime the t e s t e d movements v i a m i c r o - m o t i o n 
t i m e s t u d y . However, e x t r e m e l y h i g h - s p e e d photography would b e n e c e s s a r y 
t o p e r m i t t i m i n g Y f i t h the d e s i r e d a c c u r a c y . This approach was d i s c a r d e d 
f o r two r e a s o n s ; t h e h i g h f i l m c o s t and the g r e a t amount o f a n a l y s i s t ime 
i n h e r e n t i n t h i s p r o c e d u r e . A s p e c i a l l y d e s i g n e d automat i c p r e c i s i o n 
t i m i n g p r o c e d u r e was d e v e l o p e d f o r t h e e x p e r i m e n t s . I n o r d e r t o a c c o m p l i s h 
t h i s p r o c e d u r e the e x p e r i m e n t a l t e s t - b o a r d , t o be d e s c r i b e d , was d e v i s e d . 
E x p e r i m e n t a l T e s t - B o a r d . — T h e e x p e r i m e n t a l t e s t - b o a r d was d e s i g n e d t o b e 
a p a r t of t h e w o r k - p l a c e , A photograph of t h e t e s t - b o a r d may b e s e e n i n 
t h e A p p e n d i x , F i g u r e 1, The t e s t - b o a r d c o n s i s t e d of a plywood b a s e mounted 
a t the c o r n e r s on r u b b e r " f e e t " . The rubber f e e t p r e v e n t e d any movement 
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of the t e s t - b o a r d d u r i n g i t s u s e * The b a s e was p a i n t e d w i t h n o n - g l o s s 
l i g h t g r e e n p a i n t s i n c e t h i s c o l o r i s g e n e r a l l y c o n s i d e r e d t o be l e a s t 
i r r i t a t i n g t o t h e e y e s . 
The f i f t e e n i n c h forward and r e t u r n movement, ment ioned p r e v i o u s l y , 
was t o take p l a c e between an e l e c t r i c s w i t c h b u t t o n mounted i n the t e s t -
board b a s e and a t a r g e t p a i n t e d on t h e t e s t - b o a r d b a s e . S i n c e one o f t h e 
impedances was t h e use of the l e f t - h a n d s i m u l t a n e o u s l y and i d e n t i c a l l y 
w i t h t h e r i g h t , a second e l e c t r i c s w i t c h b u t t o n was p r o v i d e d . The two 
e l e c t r i c s w i t c h b u t t o n s were s e v e n - e i g h t h s o f an inch i n d i a m e t e r and were 
mounted one and one h a l f i n c h e s from the end o f the t e s t - b o a r d , n e a r e s t t o 
t h e s u b j e c t . The t o p s of t h e s e b u t t o n s were rounded and t h e y e x t e n d e d f i v e -
e i g h t h s o f an i n c h above the b a s e . Two s i m i l a r b u t t o n s were p l a c e d f i f t e e n 
i n c h e s f u r t h e r away from t h e s u b j e c t . However, t h e s e b u t t o n s were f l a t on 
t o p and were mounted f l u s h w i t h t h e b a s e . The d i s t a n c e l a t e r a l l y be tween 
l i k e b u t t o n s was f o u r i n c h e s . Four i n c h e s was s e l e c t e d s o t h a t , dur ing 
s i m u l t a n e o u s movements , the hands of t h e e x p e r i m e n t a l s u b j e c t s c o u l d be 
k e p t as c l o s e t o g e t h e r as p o s s i b l e w i t h o u t i n t e r f e r i n g w i t h one a n o t h e r . 
A movement of t h i s type was s u g g e s t e d b y the r e s u l t s of r e s e a r c h b y R . M . 
Barnes and M . E . Mundel i n v o l v i n g s i m u l t a n e o u s , s y m m e t r i c a l , hand mot ions 
( 3 1 ) • Th i s was n e c e s s a r y t o p r e v e n t undue eye f i x a t i o n and t o p e r m i t a 
t r u e s i m u l t a n e o u s movement r a t h e r t h a n a movement where one hand t ends t o 
l e a d the o t h e r . 
The r i g h t - h a n d e l e c t r i c s w i t c h b u t t o n a c t i v a t e d a v e r y s m a l l m i c r o -
s w i t c h . T h i s b u t t o n , which r e q u i r e d v e r y l i t t l e p r e s s u r e i n a c t i v a t i n g 
t h e s w i t c h , was connec ted t o a t i m i n g d e v i c e s o t h a t when touched a mark 
was r e l a y - p o s t e d on a paper tape w i t h i n t h e t i m i n g d e v i c e . This b u t t o n 
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v d . l l , h e r e a f t e r , b e r e f e r r e d t o a s the "pos t ing" b u t t o n . The t i m i n g d e v i c e 
w i l l b e d i s c u s s e d l a t e r . The l e f t - h a n d e l e c t r i c s w i t c h b u t t o n i n f r o n t o f 
t h e s u b j e c t was a dummy. I t s s o l e purpose was t o s e r v e as a t a r g e t f o r 
t h e l e f t - h a n d d u r i n g s imul taneous p e r f o r m a n c e s . This b u t t o n w i l l , h e r e ­
a f t e r , be r e f e r r e d t o as the "dummy". The two b u t t o n s i n the r e a r o f t h e 
t e s t - b o a r d s e r v e d a s s m a l l t a r g e t s i n t i m i n g the impedance due t o a s m a l l 
t a r g e t . These b u t t o n s w i l l , h e r e a f t e r , be r e f e r r e d t o as " t a r g e t " b u t t o n s . 
The t a r g e t b u t t o n s e a c h c o n t r o l l e d a s m a l l neon lamp s o t h a t when t h e y had 
not b e e n c o n t a c t e d b y the s u b j e c t t h e f a c t would be made known t o t h e e x ­
p e r i m e n t e r b y t h e a b s e n c e of the glow of t h e l a m p . I n a c t u a l p r a c t i c e 
t h e s e l i g h t s wou ld b e used f o r i n s t r u c t i o n i n t h e s i m u l t a n e o u s impeded 
p e r f o r m a n c e s . However, r e f e r e n c e c o u l d be made t o them dur ing the r e c o r d e d 
p e r f o r m a n c e s whenever the e x p e r i m e n t e r n o t e d a t e n d e n c y toward a method 
c h a n g e . A l a r g e r t a r g e t , c o n s i s t i n g of a c i r c l e of two and one h a l f i n c h e s 
i n d i a m e t e r , surrounded each t a r g e t b u t t o n . These c i r c l e s were p a i n t e d 
f l a t - b l a c k and s t o o d out i n c o n t r a s t a g a i n s t t h e l i g h t green of the t e s t -
b o a r d b a s e . The t a r g e t b u t t o n s were p o l i s h e d aluminum and c o n t r a s t e d w i t h 
the f l a t - b l a c k . The pegs which were c a r r i e d i n t h e hands of the s u b j e c t s 
d u r i n g t h e t e s t i n g were made of aluminum. They were one h a l f an i n c h i n 
d i a m e t e r and one and f i v e - e i g h t h s i n c h e s l o n g . 
The r e m a i n i n g p i e c e of equipment c o n s t r u c t e d f o r the t e s t - b o a r d was 
c a l l e d t h e " s h e l f " . T h i s s h e l f , l o c a t e d d i r e c t l y above t h e t a r g e t s , w a s t o 
s e r v e as an o b s t a c l e , and an impedance , t o t h e h a n d ( s ) e n t e r i n g t h e p e g ( s ) 
i n t h e t a r g e t a r e a . The s h e l f c o n s i s t e d of a movable plywood p a r t i t i o n 
t h e w i d t h of the t e s t - b o a r d and was mounted i n a v e r t i c a l p l a n e i n a t r a c k 
t h r e e i n c h e s forward of the l i n e of c e n t e r s o f the t a r g e t b u t t o n s • The 
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s h e l f was d e s i g n e d s o t h a t I t c o u l d be p l a c e d i n p o s i t i o n and moved r a p i d l y . 
The d e s i g n was s i m i l a r t o a window s a s h , t h e a d j u s t a b l e s a s h r e p r e s e n t i n g 
t h e s h e l f . I t s use can b e s t b e e x p l a i n e d b y us ing an a n a l o g y : i f a window 
s a s h were c l o s e d t o t h e p o i n t where an o b j e c t t o be p a s s e d t h r o u g h t h e 
window w o u l d j u s t c l e a r t h e s a s h , t h e p e r s o n p a s s i n g the o b j e c t through 
t h e window would b e f o r c e d t o use c a r e . The s h e l f i n the e x p e r i m e n t a l 
t e s t - b o a r d was d e s i g n e d t o a c t i n a s i m i l a r manner . When not i n use i t 
c o u l d be pushed up o u t of t h e w a y . The h e i g h t a t which i t would s t o p when 
pushed i n t o p l a c e was f i t t e d to each s u b j e c t b y means of a d j u s t a b l e s t o p s . 
T h u s , t h e r e l a t i v e r e s t r i c t i o n t o each s u b j e c t s ' hands remained t h e s a m e . 
S m a l l h a n d l e s f a s t e n e d t o the r e a r of t h e s h e l f a l l o w e d t h e e x p e r i m e n t e r 
when s t a n d i n g b e h i n d t h e t e s t - b o a r d t o p l a c e t h e s h e l f i n p o s i t i o n and r e ­
move i t w i t h e a s e . T h i s was a c c o m p l i s h e d b y s l i d i n g t h e s h e l f downward or 
upward i n i t s t r a c k . The s h e l f would remain where i t was p l a c e d . I t was 
p a i n t e d f l a t - b l a c k t o c o n t r a s t w i t h t h e l i g h t g r e e n of the t e s t - b o a r d . 
Timing D e v i c e . — T h e t i m i n g - d e v i c e u t i l i z e d was d e v e l o p e d by D o c t o r W . D a l e 
Jones i n t h e R i c h L a b o r a t o r i e s of I n d u s t r i a l Eng ineer ing a t G e o r g i a I n s t i ­
t u t e of T e c h n o l o ^ r . Photographs o f t h i s d e v i c e may b e s e e n i n the A p p e n d i x , 
F i g u r e s 2 and 3 . T h i s machine r e c o r d s t ime i n t e r v a l s on a paper t a p e . The 
p a p e r tape i s a t t a c h e d t o a c y l i n d e r d r i v e n b y a synchronous motor a t t e n 
r e v o l u t i o n s per m i n u t e . A r e l a y w i t h a pen mounted on i t s movable l e a f 
s e r v e s as a p o s t i n g d e v i c e . When t h e r e l a y i s e n e r g i z e d an i m p r e s s i o n i s 
made on the p a p e r t a p e . T h i s p o s t i n g d e v i c e was w i r e d i n such a manner 
t h a t e n e r g i z i n g o f t h e r e l a y produced o n l y one mark on the tape no m a t t e r 
how long t h e p o s t i n g c i r c u i t remained a l i v e . S i n c e the t a p e was d r i v e n 
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c o n t i n u o u s l y a t t e n r e v o l u t i o n s p e r m i n u t e , and the c i r c u m f e r e n c e o f t h e 
c y l i n d e r was t w e l v e and one h a l f i n c h e s , t h e d i s t a n c e between p o s t i n g s 
c o u l d b e c o n v e r t e d d i r e c t l y i n t o t i m e . Each o n e - e i g h t h of an i n c h r e p r e s e n t ­
ed 0 . 0 0 1 m i n u t e s . I t w a s , t h e r e f o r e , p o s s i b l e t o o b t a i n e s t i m a t e d movement 
t i m e v a l u e s t o t h e n e a r e s t i n t e r p o l a t e d 0 . 0 0 0 1 m i n u t e s . Index ing the p o s t ­
ing d e v i c e h o r i z o n t a l l y a l l o w e d the t i m i n g o f up t o e i g h t e e n s e p a r a t e p e r ­
formances on a s i n g l e p i e c e of t a p e . I n t h i s exper iment each of the p e r ­
formances c o n s i s t e d of f o u r p o s t i n g s : the b e g i n n i n g of t h e f i r s t b a s i c 
movement; t h e end of the f i r s t b a s i c movement which a l s o r e p r e s e n t e d t h e 
b e g i n n i n g of the impeded movement; the end of the impeded movement which 
a l s o r e p r e s e n t e d t h e b e g i n n i n g of t h e l a s t b a s i c movement; and the end o f 
t h e l a s t b a s i c movement. 
E x p e r i m e n t a l S u b j e c t s . — T h e e x p e r i m e n t a l s u b j e c t s were s e l e c t e d from a group 
o f male c o l l e g e s t u d e n t s . A l l were r i g h t - h a n d e d and p o s s e s s e d no eye t r o u b l e 
or obvious p h y s i c a l d e f e c t s . "A c o n s i d e r a t i o n of t h e p h y s i c a l make-up o f 
t h e s e s t u d e n t s l e a d s t o t h e c o n c l u s i o n t h a t t h e r e i s no s i g n i f i c a n t d i f f e r ­
ence be tween them and employees encountered as a p p l i c a n t s f o r i n d u s t r i a l 
work of t h i s s o r t ( 32 ) . " So s a i d Ralph M . Barnes i n one of h i s e x p e r i m e n t s . 
T h i s s t a t e m e n t appears e q u a l l y a p p l i c a b l e i n t h e exper iments t o b e d e s c r i b e d , 
b e c a u s e o f t h e i r v e r y l i m i t e d s k i l l r e q u i r e m e n t s . F i v e s u b j e c t s were s e l e c t ­
ed from a group o f t w e n t y on t h e b a s i s o f t ime c o n s i s t e n c y i n per forming the 
e x p e r i m e n t a l t a s k . J u s t a s i n d u s t r y s h o u l d n o t h i r e o p e r a t o r s who do n o t 
p o s s e s s the a b i l i t y t o do t h e i r j o b s w i t h menta l and p h y s i c a l e a s e , the 
e x p e r i m e n t e r should n o t u t i l i z e s u b j e c t s who c o u l d not comple te t h e e x ­
p e r i m e n t a l t a s k s i n a l i k e manner. S i n c e t h e c o r r e l a t i o n be tween any 
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p s y c h o l o g i c a l t e s t and performance on the t a s k was unknown, the o n l y r e ­
c o u r s e f o r s e l e c t i o n of e x p e r i m e n t a l s u b j e c t s was t o use what i s r e f e r r e d 
t o as a p r e - t e s t , 
A p r e - t e s t c o n s i s t s of t e s t i n g t h e s u b j e c t s w i t h t h e t a s k t h a t t h e y 
are t o p e r f o r m . The c r i t e r i o n used f o r the s e l e c t i o n of t h e s u b j e c t s was 
t h e i r per formance t ime c o n s i s t e n c y , as demons tra ted i n the p r e - t e s t , "when 
c o l l e c t i n g d a t a a b a s i c movement, then an impeded movement, and then a n o t h e r 
b a s i c movement wou ld be a c c o m p l i s h e d i n one rhythmic p e r f o r m a n c e . The s u b ­
j e c t s were t o endeavor t o expend the same e f f o r t t h r o u g h o u t t h e p e r f o r m a n c e . 
I t was r e a l i z e d t h a t e q u a l e f f o r t on the impeded movement would produce a 
s low-down b e c a u s e o f t h e impedance . However, the s u b j e c t s who c o u l d com­
p l e t e t h e b a s i c movements w i t h i n each performance w i t h more n e a r l y e q u a l 
t ime v a l u e s would b e more l i k e l y t o have comple ted t h e impeded movement 
between t h e s e b a s i c movements a t t h e same p a c e . For s u c c e s s f u l conduct 
of the p r e s e n t e x p e r i m e n t , i t was n e c e s s a r y t h a t i n d i v i d u a l s u b j e c t s p e r ­
form a l l movements w i t h i n one per formance a t a p p r o x i m a t e l y t h e same p a c e . 
I n order t o s e l e c t q u a l i f i e d e x p e r i m e n t a l s u b j e c t s , t w e n t y s t u d e n t s 
were p r e - t e s t e d . The procedure f o l l o w e d d u r i n g t h e p r e - t e s t i s d e s c r i b e d 
on page 32 , The p r e - t e s t c o n s i s t e d of t i m i n g each of t h r e e s i n g l e - i m p e d e d 
per formances t h r e e t i m e s . Each of t h e s e per formances c o n s i s t e d of a t ime 
v a l u e f o r a b a s i c movement, a t ime v a l u e f o r an impeded movement, and a 
t ime v a l u e f o r a n o t h e r b a s i c movement. The per formances were comple ted 
as one rhythmic movement a s d e s c r i b e d a b o v e . The e x a c t c r i t e r i o n used f o r 
t h e s e l e c t i o n of a c c e p t a b l e e x p e r i m e n t a l s u b j e c t s was t h a t t h e y c o m p l e t e 
s e v e n o f t h e n i n e per formances w i t h the two b a s i c t ime v a l u e s demons tra ted 
w i t h i n t h e p e r f o r m a n c e s d i f f e r i n g l e s s t h a n s i x per c e n t . For e x a m p l e , 
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i f t h e b a s i c t i m e s f o r a s p e c i f i c per formance were 0.0llr5 minutes and 
0,0155 m i n u t e s , t h e y w o u l d not b e w i t h i n s i x p e r c e n t of each o t h e r : s i x 
p e r c e n t o f t h e l e s s e r v a l u e , 0.01ir5 m i n u t e s , would b e 0,0009 m i n u t e s , 
t h e r e f o r e , t h e l a r g e s t v a l u e the o ther b a s i c t ime c o u l d be i n o r d e r t o 
q u a l i f y the per formance would b e 0,0l5)i m i n u t e s . S i n c e i t was observed 
t h a t the s u b j e c t s e x p e r i e n c e d c o n s i d e r a b l e d i f f i c u l t y i n p e r f o r m i n g seven 
o f the b a s i c t ime v a l u e s w i t h i n a c l o s e r t ime t o l e r a n c e , s i x per cent was 
c h o s e n . F i v e p e r c e n t had p r e v i o u s l y been chosen a r b i t r a r i l y as the c r i ­
t e r i o n . However, none of t h e s u b j e c t s a t t a i n e d t h i s g o a l . T h i s was p r o b ­
a b l y due t o n a t u r a l v a r i a t i o n i n t h e s u b j e c t s 1 p e r f o r m a n c e . 
Seven of t h e t w e n t y s u b j e c t s q u a l i f i e d f o r the exper iment s b y f u l ­
f i l l i n g the s e l e c t i o n c r i t e r i o n . A l t h o u g h one of the s u b j e c t s who q u a l i f i e d 
per formed t h e b a s i c movements w i t h i n the s i x p e r cent l i m i t , he a l s o com­
p l e t e d the impeded movement wi th a l m o s t t h e same t ime v a l u e . T h i s s u b j e c t 
c o u l d n o t b e u t i l i z e d b e c a u s e o f h i s apparent speed-up on the impeded p o r ­
t i o n s o f t h e p e r f o r m a n c e . A n o t h e r o f t h e s t u d e n t s who q u a l i f i e d s t a t e d 
t h a t a l t h o u g h he c o n s i d e r e d h i m s e l f r i g h t - h a n d e d he w r o t e and per formed 
o t h e r t a s k s w i t h h is l e f t - h a n d . I t was f e l t t h a t t h i s s u b j e c t might no t 
p o s s e s s t h e n e c e s s a r y d e x t e r i t y t o p r o p e r l y perform t h i s exper iment which 
was d e s i g n e d f o r r i g h t - h a n d e d s u b j e c t s . Because of t h i s f a c t t h i s s u b j e c t 
was d i s q u a l i f i e d as an e x p e r i m e n t a l s u b j e c t . F i v e e x p e r i m e n t a l s u b j e c t s 
were u t i l i z e d . However, i t was f e l t t h a t t h e s e f i v e c a r e f u l l y s e l e c t e d 
s u b j e c t s would be a d e q u a t e . 
W o r k - P l a c e . — T h e w o r k - p l a c e c o n s i s t e d o f the e x p e r i m e n t a l t e s t - b o a r d 
p l a c e d on a workbench . An a d j u s t a b l e c h a i r was p r o v i d e d so t h a t the 
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forearms o f each s u b j e c t c o u l d b e p a r a l l e l t o the t e s t - b o a r d dur ing t h e 
s t a r t o f the t r a n s p o r t movement. This was n o t a c c o m p l i s h e d dur ing t h e 
p r e - t e s t b e c a u s e o f t ime l i m i t a t i o n ; an average c h a i r h e i g h t was s e l e c t e d . 
The t e s t - b o a r d was a l s o a d j u s t e d c l o s e r t o o r f u r t h e r from each s u b j e c t 
as n e c e s s i t a t e d b y h i s arm l e n g t h . 
The t i m i n g d e v i c e was p o s i t i o n e d a c r o s s the bench and t o t h e l e f t 
o f t h e s u b j e c t . The e x p e r i m e n t e r s t o o d n e x t t o t h e t i m i n g d e v i c e i n a 
p o s i t i o n p e r m i t t i n g him t o i n d e x the p o s t i n g mechanism and o p e r a t e t h e 
movement o f t h e t e s t - b o a r d s h e l f when n e c e s s a r y . The s m a l l neon lamps 
o p e r a t e d b y the t a r g e t b u t t o n s were p l a c e d i n t h e r e a r o f t h e t e s t - b o a r d 
s o t h a t t h e y c o u l d b e o b s e r v e d b y t h e e x p e r i m e n t e r . These lamps c o u l d n o t 
b e s e e n b y t h e s u b j e c t s . The v e n t i l a t i o n , l i g h t i n g , and o t h e r t i m e - d e t e r ­
mined c o n d i t i o n s were k e p t , as n e a r l y as p o s s i b l e , c o n s t a n t . 
R e l a t i o n s h i p o f E x p e r i m e n t a l D e s i g n t o S t a t i s t i c a l A n a l y s i s . — T e n sample 
r e c o r d i n g s were c o l l e c t e d from each e x p e r i m e n t a l s u b j e c t f o r each impeded 
movement. D e t a i l s o f t h i s p r o c e d u r e may b e found on page 38• These samples 
were compared b y u t i l i z i n g t h e i r mean ( a r i t h m e t i c a v e r a g e ) v a l u e s . F o r 
the p u r p o s e o f s t a t i s t i c a l i n t e r p r e t a t i o n , t h e problem was r e - s t a t e d i n 
terms of a " n u l l h y p o t h e s i s " . This was t h e h y p o t h e s i s o f no d i f f e r e n c e ; 
m a t h e m a t i c a l l y i t s t a t e d t h a t the mean o f the s y n t h e t i c s low-down t imes 
was e q u a l t o t h e mean o f t h e e x p e r i m e n t a l o r a c t u a l s low-down t i m e s . I n 
terms o f t h e p r e s e n t prob lem i t s t a t e d t h a t t h e sum of the i n d i v i d u a l 
impedance s low-downs was n o t s i g n i f i c a n t l y d i f f e r e n t f rom t h e s low-downs 
c a u s e d b y t h e s e same impedances o c c u r r i n g t o g e t h e r i n t h e same movement. 
S t a t i n g the problem as a n u l l h y p o t h e s i s assumed t h a t b o t h means had come 
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from a random sampl ing of n o r m a l l y d i s t r i b u t e d p o p u l a t i o n s having a common 
mean v a l u e . 
The method used t o t e s t the above h y p o t h e s i s was t h e a n a l y s i s o f 
v a r i a n c e . The a n a l y s i s of v a r i a n c e , a c c o r d i n g t o R . A . F i s h e r i t s d e ­
v e l o p e r , "is n o t a m a t h e m a t i c a l t h e o r e m , b u t r a t h e r a c o n v e n i e n t method 
of a r r a n g i n g the a r i t h m e t i c ( 3 3 ) I t summarizes a mass of s t a t i s t i c a l 
d a t a and reduces t o a common form a l l the t e s t e of s i g n i f i c a n c e which an 
e x p e r i m e n t e r may want t o a p p l y . The procedure f o l l o w e d when making up an 
a n a l y s i s of v a r i a n c e t a b l e i s t o o i n v o l v e d t o summarize i n t h i s t h e s i s , 
however , t h e s t e p by s t e p procedure used i s g iven i n I n d u s t r i a l E x p e r i ­
m e n t a t i o n b y K . A . Brownlee (3U)« The p r e s e n t exper iment d e a l t w i t h t h r e e 
f a c t o r s ; the e x p e r i m e n t a l s u b j e c t s , t h e compound i m p e d a n c e s , and the method 
( e x p e r i m e n t a l or s y n t h e t i c ) . T h e r e f o r e , a t h r e e f a c t o r a n a l y s i s of v a r i a n c e 
was u t i l i z e d . The r e s u l t s of t h i s a n a l y s i s are p r e s e n t e d i n Table 2. I n 
t h e p r e s e n t e x p e r i m e n t t h e t e s t of s i g n i f i c a n c e i s a p p l i e d t o t h e column 
of "mean s q u a r e s " . More s p e c i f i c a l l y , i t i s a p p l i e d between the " r e s i d u a l " 
mean square and t h e mean square f o r the s o u r c e of v a r i a n c e between t h e two 
methods , s y m b o l i z e d by an "X" i n t h e t a b l e . The s t a t i s t i c u t i l i z e d t o t e s t 
the n u l l h y p o t h e s i s was t h e "F" d i s t r i b u t i o n . Th i s t e s t compares t h e r a t i o 
of t h e magni tude o f t h e two mean s q u a r e s . By r e f e r r i n g t o a t a b l e of t h e 
v a r i a n c e r a t i o ("F" t a b l e ) , t h e p r o b a b i l i t y t h a t t h e means i n q u e s t i o n r e p ­
r e s e n t random samples f rom a common p o p u l a t i o n may be d e t e r m i n e d . 
A p r o b a b i l i t y of f i v e p e r c e n t , or f i v e chances out of one-hundred , 
was chosen as a l e v e l of s i g n i f i c a n c e , s i n c e t h i s i s the l e v e l s e l e c t e d by 
most e x p e r i m e n t e r s (35)• T h e r e f o r e , i f t h e r e were f i v e chances out of 
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one-hundred o r l e s s t h a t a r a t i o t h i s l a r g e cou ld have r e s u l t e d from two 
means hav ing come from a common p o p u l a t i o n , t h e h y p o t h e s i s would be r e ­
j e c t e d . A p r o b a b i l i t y of one p e r c e n t or s m a l l e r was r e g a r d e d as v e r y 
s i g n i f i c a n t . This meant t h a t t h e h y p o t h e s i s c o u l d be r e j e c t e d w i t h g r e a t e r 
c o n f i d e n c e . There would be one chance out o f one-hundred t h a t t h e two 
means c o u l d have come f rom t h e same p o p u l a t i o n . S e v e r a l o t h e r c o n c l u s i o n s 
can be drawn from an a n a l y s i s of v a r i a n c e t a b l e . These c o n c l u s i o n s are 
p r e s e n t e d i n t h e D i s c u s s i o n o f R e s u l t s . I t s h o u l d b e remembered t h a t 
f a i l u r e t o r e j e c t a h y p o t h e s i s does n o t e s t a b l i s h i t s t r u t h , b u t o n l y i n ­
d i c a t e s t h a t t h e d a t a o f f e r s no e v i d e n c e a g a i n s t the h y p o t h e s i s i n terms 
of the s t a n d a r d a g r e e d upon. 
I n c o n c l u s i o n , one a u t h o r has s a i d t h i s about an e x p e r i m e n t e r who 
was t e s t i n g the n u l l h y p o t h e s i s . 
I f t h i s h y p o t h e s i s i s r e j e c t e d and he i n f e r s t h a t some d i f f e r e n c e 
does e x i s t between the means of h i s two groups t h a t c a n n o t be 
accounted f o r b y random, u n c o n t r o l l e d v a r i a t i o n , he may r e a s o n f u r ­
t h e r t h a t the d i f f e r e n c e observed i s the r e s u l t of h i s d i f f e r e n t 
e x p e r i m e n t a l c o n d i t i o n s . Th i s r e a s o n i n g , of c o u r s e , i s n o t p a r t 
o f the t e s t of s i g n i f i c a n c e , but depends upon t h e s t r u c t u r e of the 
e x p e r i m e n t and t h e c o n t r o l s e x e r c i s e d b y the e x p e r i m e n t e r . The 
t e s t o f s i g n i f i c a n c e i s a t e s t of s t a t i s t i c a l h y p o t h e s i s ( 3 6 ) . 
I t was n e c e s s a r y t h a t the t e s t of s i g n i f i c a n c e be i n d i c a t i v e of t h e d i f f e r e n t 
e x p e r i m e n t a l c o n d i t i o n s . T h e r e f o r e , ex treme e x a c t n e s s and p r e c a u t i o n were 
u t i l i z e d throughout t h e i n s t r u m e n t a t i o n and e x p e r i m e n t a l p r o c e d u r e s . 
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CHAPTER I V 
PROCEDURE 
I m p e d a n c e s . - - T h e t r a n s p o r t of a peg from t h e p o s t i n g b u t t o n t o t h e l a r g e 
t a r g e t a r e a and b a c k was c h o s e n as t h e b a s i c movement. The t ime f o r t h i s 
t r a n s p o r t was c o n s i d e r e d t h e unimpeded movement t i m e . The f i r s t of t h e 
impeded movements s e l e c t e d , w h i c h was a t r a n s p o r t i n v o l v i n g more p r e c i ­
s i o n , was a movement t o a s m a l l e r t a r g e t . This was a c c o m p l i s h e d b y hav ing 
t h e s u b j e c t p l a c e t h e bot tom of t h e peg a g a i n s t t h e t a r g e t b u t t o n . The 
second impedance was another form of r e s t r i c t e d movement. The e x p e r i m e n t a l 
s u b j e c t was f o r c e d t o e x e r t c a r e i n order t o a v o i d h i t t i n g an o b s t r u c t i o n , 
t h e s h e l f , when moving t o the t a r g e t a r e a . This s h e l f was p l a c e d above 
t h e t a r g e t s and t h r e e i n c h e s i n f r o n t of them so t h a t i n order t o p l a c e 
t h e p e g s i n t h e t a r g e t a r e a t h e s u b j e c t had t o s t e e r under t h e s h e l f . The 
l a s t impedance , a two-handed movement of the p e g s , was not an impedance , 
as s u c h , b u t d e f i n i t e l y produced an impeded movement as compared w i t h a 
one-hand t r a n s p o r t i n t h e same d i r e c t i o n . These t h r e e s e p a r a t e impedances 
made p o s s i b l e f o u r compound impedances ; t h e ijnpedance due t o t h e s m a l l e r 
t a r g e t and the s h e l f , the impedance due t o the s m a l l e r t a r g e t and t h e t w o -
handed movement, the impedance due t o t h e two-handed movement and t h e s h e l f , 
and t h e impedance due t o t h e s m a l l e r t a r g e t and the s h e l f and the two-handed 
movement• 
P r e - t e s t i n g . — T h e p r e - t e s t was i n t r o d u c e d t o twenty s t u d e n t s i n a group 
o r i e n t a t i o n s e s s i o n , i n v/hich t h e s t u d e n t s were i n s t r u c t e d i n the n a t u r e 
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and conduct of the e x p e r i m e n t . Thi s background i n f o r m a t i o n was c o n s i d e r e d 
e s s e n t i a l t o o b t a i n i n g t h e proper a s s i s t a n c e from e a c h . A t t h i s t i m e t h e 
group was d i v i d e d i n t o t h r e e s m a l l e r groups t o f a c i l i t a t e i n s t r u c t i o n and 
t e s t i n g . The i n d i v i d u a l groups v/ere i n s t r u c t e d i n the p r e - t e s t procedure 
i n t u r n b y t h e e x p e r i m e n t e r . The f o l l o w i n g paragraphs e x p l a i n t h e o r i e n t a ­
t i o n o f one of t h e s e g r o u p s . I t a p p l i e s e q u a l l y t o a l l t h r e e . 
The s t u d e n t s were a s s e m b l e d a t t h e workbench on which the t e s t - b o a r d 
and t i m i n g d e v i c e were p l a c e d . The b a s i c movement was demons tra ted and e x ­
p l a i n e d . S i n c e t h e b a s i c movement c o n s i s t e d of t r a n s p o r t i n g a peg w i t h t h e 
r i g h t - h a n d t h e d i s t a n c e o f f i f t e e n i n c h e s and b a c k , the f i r s t s t e p i n t h e 
i n s t r u c t i o n o f the p r o s p e c t i v e e x p e r i m e n t a l s u b j e c t s was t o t e a c h the 
proper method of h o l d i n g t h e p e g . The peg was t o b e grasped a p p r o x i m a t e l y 
o n e - q u a r t e r o f an inch f rom i t s lower end w i t h t h e f i r s t and second f i n g e r s . 
The t h i r d f i n g e r s t e a d i e d t h e p e g . T h i s g r a s p was s i m i l a r t o h o l d i n g a pen , 
however , t h e peg was t o b e h e l d i n a v e r t i c a l p l a n e r a t h e r t h a n a t an a n g l e • 
The b a s i c movement c o n s i s t e d of moving the peg from the p o s t i n g b u t ­
t o n t o t h e l a r g e t a r g e t a r e a , t h e two and o n e - h a l f i n c h b l a c k c i r c l e , and 
r e t u r n i n g t o t h e p o s t i n g b u t t o n . I t was no t n e c e s s a r y t o t o u c h t h e t a r g e t 
w i t h the p e g , but j u s t move i t i n t o the area d i r e c t l y above the t a r g e t . 
Tihen moving t h e p e g i n t o t h i s a r e a i t s b a s e would n o t b e over one i n c h 
above the t e s t - b o a r d . The peg was t o b e h e l d i n a v e r t i c a l p l a n e d u r i n g 
t h e e n t i r e p e r f o r m a n c e . The p o s t i n g b u t t o n was t o be brushed a g a i n s t w i t h 
t h e second j o i n t s o f t h e f o l d e d - u n d e r f i n g e r s d u r i n g the movements . Th i s 
b a s i c movement was demons tra ted t o the s t u d e n t s b y the e x p e r i m e n t e r . F i g ­
ure 2 i n the Appendix shows t h e b a s i c movement b e i n g per formed b y an e x ­
p e r i m e n t a l s u b j e c t . 
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The f i r s t impeded movement c o n s i s t e d of moving the peg f rom t h e 
p o s t i n g b u t t o n t o t h e s m a l l t a r g e t b u t t o n and b a c k . Dur ing t h i s movement 
t h e b o t t o m o f t h e peg was t o b e p l a c e d a g a i n s t t h e t a r g e t b u t t o n , thus 
l i g h t i n g t h e neon g l o w - l a m p s . A f t e r t h i s movement was demons tra ted 
s e p a r a t e l y , t h e per formance which was t o be t i m e d was d e m o n s t r a t e d . T h i s 
per formance c o n s i s t e d of a b a s i c movement, an impeded movement ( t h e b a s i c 
movement p l u s an i m p e d a n c e ) , and another b a s i c movement a l l per formed w i t h ­
out p a u s i n g i n one rhythmic movement. The s t u d e n t s were c a u t i o n e d t o e n ­
d e a v o r t o expend e q u a l e f f o r t i n the whole performance and t o work a t a 
b r i s k or i n c e n t i v e p a c e , the maximum pace which can b e m a i n t a i n e d d a y a f t e r 
day w i t h o u t i n j u r y t o h e a l t h or mind , Vforking a t a b r i s k pace i s d e s i r e d 
b e c a u s e t h e r e is " l e s s v a r i a t i o n i n t i m e ( i n c o n s i s t e n c y ) i n p e r f o r m i n g a 
m o t i o n a t a v e r y f a s t speed than a t a s l o w e r speed (37) A l s o , the b r i s k 
pace i s r e a l i s t i c , b e i n g i n d i c a t i v e of the a v e r a g e per formance of workers 
m o t i v a t e d b y wage i n c e n t i v e s . 
As was s t a t e d p r e v i o u s l y , e q u a l e f f o r t on an impeded movement and 
a b a s i c movement would not produce t h e same t ime v a l u e s . The impeded move­
ment would be s l ower b e c a u s e of the impedance . S i n c e t h e impeded movement 
i s , i n e f f e c t , a b a s i c movement t o w h i c h has b e e n added an impedance , t h e 
s low-down caused b y t h e impedance c o u l d b e c a l c u l a t e d by s u b t r a c t i n g t h e 
average b a s i c t i m e f o r a performance from the impeded t i m e w i t h i n t h a t 
p e r f o r m a n c e . I n order f o r t h i s s u b t r a c t i o n t o be v a l i d , i t was e s s e n t i a l 
t h a t t h e e n t i r e per formance be per formed a t t h e same pace (w i th t h e same 
e f f o r t ) . I f the b a s i c t imes were w i t h i n s i x per cent of one another then 
t h e impeded t ime was assumed t o have been per formed a t t h e average pace 
a t which the two accompanying b a s i c movements were p e r f o r m e d . The above 
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s t a t e m e n t s c o n c e r n i n g c o n s i s t e n c y of e f f o r t , a l t h o u g h brought out when 
e x p l a i n i n g t h e f i r s t p r e - t e s t p e r f o r m a n c e , a p p l y e q u a l l y t o the r e s t of 
t h e p r e - t e s t and t o the s e l e c t e d e x p e r i m e n t a l s u b j e c t s 1 f i n a l s even s e t s 
o f r e c o r d e d per formances* The s t u d e n t s were admonished of t h i s f a c t . 
I n o r d e r f o r the e x p e r i m e n t a l s u b j e c t s t o produce c o n s i s t e n t e f f o r t , 
rhythm had t o b e e s t a b l i s h e d . S t a r t i n g from a dead s t o p a t t h e r e c o r d i n g 
b u t t o n would not b e s a t i s f a c t o r y s i n c e t h e f i r s t e lement a c c o m p l i s h e d was 
b e i n g t imed and i t would l a c k t h e n e c e s s a r y rhythm. Rhythm was e s t a b l i s h ­
ed b y adding a s h o r t unrecorded movement b e f o r e the f i r s t r e c o r d e d move­
m e n t . The e x p e r i m e n t a l s u b j e c t s were i n s t r u c t e d t o s t a r t t h e performance 
w i t h t h e r i g h t - h a n d a t a p o i n t f i v e t o t e n i n c h e s forward and a few i n c h e s 
t o the r i g h t of the p o s t i n g b u t t o n . The s e l e c t i o n o f the e x a c t l o c a t i o n 
of t h i s p o i n t was l e f t to the c o n v e n i e n c e of the e x p e r i m e n t a l s u b j e c t . 
S t a r t i n g from a p o i n t t o t h e r i g h t of the p o s t i n g b u t t o n t h e e x p e r i m e n t a l 
s u b j e c t moved h i s r i g h t - h a n d t o t h e p o s t i n g b u t t o n , b r u s h i n g a g a i n s t i t ; 
moved t o t h e l a r g e t a r g e t a r e a ; moved back t o the p o s t i n g b u t t o n , brush ing 
a g a i n s t i t ; moved to t h e s m a l l t a r g e t , touched i t w i t h the p e g ; moved back 
t o t h e p o s t i n g b u t t o n a g a i n b r u s h i n g a g a i n s t i t . The a d d i t i o n of the un­
r e c o r d e d movement, the f i v e t o t e n inch t r a n s p o r t t o the p o s t i n g b u t t o n , 
a f f o r d e d the s u b j e c t s t h e o p p o r t u n i t y t o e s t a b l i s h a pace t h a t would 
accustom them t o t h e f e e l i n g of the movement p r i o r t o the r e c o r d i n g of 
d a t a . T h e r e f o r e , the d a t a would be l e s s a f f e c t e d by t h i s "warm-up" p e r i o d 
t h a n i t would have b e e n w i t h o u t t h e " s t a r t i n g " movement. 
The n e x t per formance demons tra ted t o t h e s u b j e c t s e n t a i l e d an i m ­
p e d a n c e , produced by t h e n e c e s s i t y of s t e e r i n g t h e hand t o a v o i d t o u c h i n g 
t h e s h e l f . F o r t h e purpose of the p r e - t e s t , t h i s s h e l f was n o t a d j u s t e d 
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t o each s u b j e c t but was f ixed, a t a h e i g h t of f o u r and o n e - e i g h t h i n c h e s 
above t h e t e s t - b o a r d . T h i s was t h e a v e r a g e h e i g h t u s e d b y s u b j e c t s dur ing 
a p r e v i o u s p r e l i m i n a r y " t e s t - r u n " of t h i s movement . This was n e c e s s a r y 
t o e n a b l e t h e twenty s t u d e n t s t o be p r e - t e s t e d as r a p i d l y a s p o s s i b l e . 
S i n c e , t h e p r e - t e s t was o n l y concerned w i t h the c o n s i s t e n c y o f t h e b a s i c 
movements w i t h i n a p e r f o r m a n c e , the amount of r e l a t i v e r e s t r i c t i o n caused 
b y t h e s h e l f was u n i m p o r t a n t . 
I n o r d e r t h a t t h e s u b j e c t s would not have t h e t e n d e n c y to aim f o r 
t h e t a r g e t b u t t o n d u r i n g t h i s per formance a b l a c k paper d i s k t h e same s i z e 
as t h e l a r g e t a r g e t a r e a was t a p e d over the l a r g e t a r g e t , thus c o v e r i n g 
the b u t t o n . The c o v e r i n g of t h e t a r g e t was unimportant d u r i n g the p r e ­
t e s t , s i n c e the t ime v a l u e s of t h e b a s i c movements were the o n l y i n f o r m a ­
t i o n u t i l i z e d . I t was d e s i r a b l e , however , to keep t h e p r e - t e s t as much 
l i k e the r e c o r d e d t e s t as p o s s i b l e . This p r e c l u d e d t h e s e l e c t e d e x p e r i ­
m e n t a l s u b j e c t s f rom l e a r n i n g any b a d h a b i t s which might a f f e c t t h e a c t u a l 
e x p e r i m e n t a l r e s u l t s . Dur ing the r e c o r d i n g of t h i s per formance i t was 
n e c e s s a r y f o r the e x p e r i m e n t e r t o s t a n d b e h i n d the t e s t - b o a r d and r a i s e 
or l ower t h e s h e l f . A f t e r t h e s u b j e c t had comple ted h i s f i r s t b a s i c move­
ment and h i s hand was r e t u r n i n g to t h e p o s t i n g b u t t o n , t h e s h e l f was s l i d 
i n t o p l a c e . Thus , t h e s u b j e c t ' s hand was impeded by t h e s h e l f as i t r e ­
t u r n e d t o the t a r g e t a r e a . As s o o n as t h e e x p e r i m e n t a l s u b j e c t ' s hand 
e n t e r e d t h e t a r g e t a r e a t h e s h e l f was r a i s e d out of h i s way s o t h a t an u n ­
impeded r e t u r n movement c o u l d be made . This c o u l d b e b e s t a c c o m p l i s h e d 
i f t h e e x p e r i m e n t e r f o c u s e d h i s e y e s on the t a r g e t a r e a . When t h e s u b j e c t ' s 
hand l e f t the t a r g e t a r e a d u r i n g the f i r s t b a s i c movement the s h e l f was 
l o w e r e d . YJhen i t e n t e r e d t h e t a r g e t a r e a d u r i n g t h e impeded movement t h e 
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impeded movement the s h e l f was r a i s e d . The s h e l f was i n p l a c e b e f o r e the 
s u b j e c t r e t u r n e d h i s hand t o the p o s t i n g b u t t o n d u r i n g t h e f i r s t b a s i c 
movement. Thi s a l l o w e d t h e e x p e r i m e n t a l s u b j e c t ample t ime t o f o c u s h i s 
eye s on t h e s h e l f and p r o p e r l y s t e e r under i t when p e r f o r m i n g the impeded 
movement. During t h i s movement t h e e x p e r i m e n t a l s u b j e c t was i n s t r u c t e d 
t o c o n t i n u e t o ho ld t h e peg i n a v e r t i c a l p l a n e . Most e x p e r i m e n t a l s u b ­
j e c t s , when f i r s t e n c o u n t e r i n g the s h e l f , a t t e m p t e d t o t i l t t h e peg f o r ­
ward when a p p r o a c h i n g t h e s h e l f thus d e f e a t i n g i t s p u r p o s e . T h e r e f o r e , 
a c o n s t a n t check had t o be made t o i n s u r e t h a t t h i s would no t happen . The 
e x p e r i m e n t e r , s tand ing b e h i n d t h e s h e l f , was i n an e x c e l l e n t p o s i t i o n t o 
do t h i s • S i n c e t h e e x p e r i m e n t e r c o u l d not o p e r a t e the s h e l f and demons tra te 
t h e per formance t o t h e s t u d e n t s , t h i s performance was d e m o n s t r a t e d b y 
u t i l i z i n g one o f t h e s t u d e n t s as an e x p e r i m e n t a l s u b j e c t w h i l e t h e e x p e r i ­
menter o p e r a t e d the s h e l f . 
The l a s t per formance r e c o r d e d dur ing t h e p r e - t e s t had a s an impedance 
t h e t r a v e l of t h e l e f t - h a n d s i m u l t a n e o u s l y and i d e n t i c a l l y w i t h t h e r i g h t -
h a n d , i . e . , a two-handed movement. T h i s c o n s i s t e d of moving b o t h hands 
s i m u l t a n e o u s l y i n t o t h e l a r g e t a r g e t a r e a s . A s e p a r a t e t a r g e t , p r e v i o u s l y 
d e s c r i b e d , was p r o v i d e d f o r each h a n d . Each t a r g e t was f i t t e d w i t h a 
b l a c k p a p e r d i s k t o c o v e r t h e t a r g e t b u t t o n . Dur ing t h i s movement t h e 
l e f t - h a n d was t o r e m a i n a t the dummy b u t t o n w h i l e the f i r s t and l a s t b a s i c 
movements were b e i n g p e r f o r m e d . The l e f t - h a n d would r e s t a g a i n s t the dummy 
b u t t o n i n t h e same manner t h a t t h e p o s t i n g b u t t o n was b r u s h e d a g a i n s t b y 
t h e r i g h t - h a n d . A peg was h e l d i n b o t h hands i n a l i k e manner . A f t e r the 
f i r s t b a s i c movement was comple t ed t h e r i g h t and l e f t - h a n d s moved t o t h e i r 
t a r g e t a r e a s s i m u l t a n e o u s l y and t h e n r e t u r n e d t o the p o s t i n g and dummy 
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b u t t o n s r e s p e c t i v e l y . I t was s t r e s s e d t h a t t h i s movement was t o b e a t r u e 
s imul taneous movement; the r i g h t - h a n d was no t t o l e a d o r l a g . S t a r t i n g 
from a p o i n t t o the r i g h t of t h e p o s t i n g b u t t o n the s u b j e c t moved h i s 
r i g h t - h a n d t o the p o s t i n g b u t t o n , brushed a g a i n s t i t ; moved t o t h e l a r g e 
t a r g e t a r e a and b a c k t o t h e p o s t i n g b u t t o n ; c o m p l e t i n g t h e f i r s t b a s i c 
movement, Vfithout p a u s i n g , t h e r i g h t and l e f t - h a r d s moved t o t h e l a r g e 
t a r g e t a r e a s and b a c k t o the p o s t i n g and dummy b u t t o n s , c o m p l e t i n g t h e 
impeded movement. The r i g h t - h a n d t h e n moved t o the l a r g e t a r g e t area 
and b a c k t o the p o s t i n g b u t t o n f o r t h e f i n a l b a s i c movement . T h i s p e r ­
formance was d e m o n s t r a t e d t o t h e s t u d e n t s . 
F o l l o w i n g t h i s group i n s t r u c t i o n each s t u d e n t i n the group was 
t e s t e d s e p a r a t e l y . The e x p e r i m e n t e r a g a i n demons tra ted and d i s c u s s e d t h e 
type of per formance i n q u e s t i o n b e f o r e i t was a t t e m p t e d by t h e s t u d e n t . 
D u r i n g the s t u d e n t ' s p r a c t i c e s e s s i o n , e x t r a i n s t r u c t i o n was g i v e n when 
n e e d e d . A f t e r f i v e c o r r e c t per formances were a c c o m p l i s h e d c o n s e c u t i v e l y 
t h e t i m i n g d e v i c e was t u r n e d on and t h e r e c o r d i n g s t a k e n . Three r e c o r d i n g s 
were made of each t y p e o f p e r f o r m a n c e . S i n c e t h e r e were t h r e e t y p e s of 
p e r f o r m a n c e s , a t o t a l of n ine per formances were a c c o m p l i s h e d b y each s t u ­
d e n t . These n ine per formances were t i m e d on a s i n g l e paper t a p e . The 
t h r e e groups of s t u d e n t s were t e s t e d i n t h i s manner . 
Recorded E x p e r i m e n t a t i o n . — T h e s e l e c t e d e x p e r i m e n t a l s u b j e c t s r e p o r t e d t o 
t h e w o r k - p l a c e one a t a t ime and t h e i r d a t a was t a k e n i n t u r n by t h e e x ­
p e r i m e n t e r . S i n c e t h e y had a l r e a d y comple t ed t h e performance i n v o l v i n g 
the t h r e e s i n g l e - i m p e d e d movements and viere f a m i l i a r wi th the t e s t i n g 
p r o c e d u r e , v e r y l i t t l e p r e l i m i n a r y i n s t r u c t i o n was n e c e s s a r y . However, 
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t h e e x p e r i m e n t a l s u b j e c t s were a g a i n reminded t o c o m p l e t e the r e c o r d e d per­
formance as one smooth movement w i t h the same e f f o r t a p p l i e d t o b o t h t h e 
b a s i c and impeded p o r t i o n s . They were a l s o reminded t o h o l d the peg i n 
a v e r t i c a l p l a n e d u r i n g t h e e n t i r e p e r f o r m a n c e . The w o r k - p l a c e was a d ­
j u s t e d t o each e x p e r i m e n t a l s u b j e c t as d e s c r i b e d on page 28. I n a d d i t i o n 
t h e s h e l f s t o p s were a d j u s t e d so t h a t when the s h e l f was u t i l i z e d t h e same 
r e l a t i v e r e s t r i c t i o n would b e imposed on each e x p e r i m e n t a l s u b j e c t . I n 
o r d e r to a c c o m p l i s h t h i s , the s u b j e c t s were a s k e d t o r e s t the b a s e of t h e 
peg a g a i n s t t h e t e s t - b o a r d w h i l e h o l d i n g i t i n a normal g r a s p j u s t b e l o w 
t h e s h e l f . The s t o p s were then a d j u s t e d s o t h a t the s h e l f c o u l d not be 
l owered any f u r t h e r than one h a l f o f an inch above t h e h i g h e s t knuckle on 
t h e hand h o l d i n g the p e g . 
The per formance i n v o l v i n g the s ing I s - i m p e d e d and compound-impeded 
movements w e r e each r e c o r d e d t w e l v e t i m e s . As was the p r a c t i c e i n t h e 
p r e - t e s t , f i v e c o r r e c t per formances of the type i n q u e s t i o n were c o n s e c u ­
t i v e l y a c c o m p l i s h e d b e f o r e t h e r e c o r d e d d a t a was t a k e n . When t h e s e f i v e 
per formances were c o m p l e t e d the s u b j e c t was c o n s i d e r e d "warmed up" and t h e 
r e c o r d e d per formances cou ld t h e n be s t a r t e d . D u r i n g t h e r e c o r d i n g any 
m e c h a n i c a l t r o u b l e , method c h a n g e , f a i l u r e t o a c t u a t e the p o s t i n g d e v i c e , 
or e t c . was n o t e d . Performance t i m e s f o r t h e s e o c c u r a n c e s , the v a l u e s o f 
w h i c h were not d e t e c t a b l e d u r i n g the e x p e r i m e n t s , were n o t u s e d . "When i t 
was found n e c e s s a r y t o d i s c a r d a per formance another per formance was r e ­
corded i n i t s p l a c e , s i n c e a t o t a l of t w e l v e per formances was d e s i r e d f a r 
each o f t h e s e v e n impeded movements . Th i s i s e x p l a i n e d f u r t h e r i n the 
D i s c u s s i o n o f R e s u l t s , A n a l y s i s of Raw D a t a . 
A f t e r t h e c o m p l e t i o n of the t w e l v e r e c o r d e d per formances the 
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e x p e r i m e n t a l s u b j e c t was p e r m i t t e d t o r e s t f o r two minutes b e f o r e under ­
t a k i n g the n e x t t y p e of per formance* During t h i s t ime the e x p e r i m e n t e r 
removed the used paper tape from t h e r e c o r d i n g d e v i c e and r e p l a c e d i t 
w i t h a new o n e . The e x p e r i m e n t a l s u b j e c t ' s name and the number of the 
per formance type t o be r e c o r d e d was w r i t t e n on the tape f o r i d e n t i f i c a ­
t i o n . I n order f o r the performance t y p e s t o be r e a d i l y i d e n t i f i e d t h e y 
were t i t l e d a c c o r d i n g t o t h e impeded movement o c c u r r i n g i n each and Y / e r e 
numbered one through s e v e n , as l i s t e d b e l o w . 
1 . The impedance due t o the s m a l l t a r g e t . 
S i n g l e - I m p e d e d 2 . The impedance due t o t h e s h e l f . 
Performances 3« The impedance due t o the l e f t - h a n d . 
km The impedance due t o the s m a l l t a r g e t and 
the s h e l f . 
5 . The impedance due t o the s m a l l t a r g e t and 
t h e l e f t - h a n d . 
Compound-Impeded 6 . The impedance due t o the s h e l f and t h e 
Performanc e s l e f t - h a n d • 
7 . The impedance due t o t h e s m a l l t a r g e t and 
the s h e l f and the l e f t - h a n d . 
The r e c o r d i n g of the t h r e e s i n g l e - i m p e d e d per formances w i l l no t b e 
d i s c u s s e d a g a i n , s i n c e t h e s e t y p e s of per formances were d e s c r i b e d f u l l y 
when t h e p r e - t e s t was d i s c u s s e d . The compound-impeded performances were 
comple ted i n the same manner as t h e s i n g l e - i m p e d e d p e r f o r m a n c e s ; t h e i m ­
peded movement was per formed between two b a s i c movements . The f i r s t com­
pound-impeded per formance has as an impedance a movement t o the s m a l l 
t a r g e t w i t h t h e s h e l f i n p l a c e above the t a r g e t . S t a r t i n g from a p o i n t 
t o t h e r i g h t of t h e p o s t i n g b u t t o n the s u b j e c t moved h i s r i g h t - h a n d t o the 
p o s t i n g b u t t o n , brushed a g a i n s t i t ; moved t o the l a r g e t a r g e t a r e a ; moved 
t o the p o s t i n g b u t t o n and brushed a g a i n s t i t ; thus c o m p l e t i n g the f i r s t 
b a s i c movement. Wi thout p a u s i n g and i n the same rhythmic movement t h e s u b ­
j e c t moved h i s hand back toward t h e s m a l l t a r g e t , s t e e r e d under the s h e l f , 
and p l a c e d the b a s e of the peg a g a i n s t the t a r g e t b u t t o n . He then r e t u r n e d 
h i s hand unimpeded t o the p o s t i n g b u t t o n and brushed a g a i n s t i t , thus com­
p l e t i n g t h e p o r t i o n of the per formance -which i n c l u d e d t h e i m p e d a n c e . To 
comple te t h e r e c o r d e d per formance another b a s i c movement -was accompl i shed 
i n t h e same manner a s t h e f i r s t b a s i c movement. The s u b j e c t was reminded 
t o move o n l y t o the l a r g e t a r g e t a r e a dur ing the b a s i c movement. Th i s was 
n e c e s s a r y due t o the f a c t t h a t the s m a l l t a r g e t remained uncovered dur ing 
t h e e n t i r e per formance b u t was u t i l i z e d o n l y on t h e impeded p o r t i o n . The 
o t h e r c h a r a c t e r i s t i c s o f the s i n g l e - i m p e d e d per formances remained i n e f f e c t 
d u r i n g t h e compound-impeded p e r f o r m a n c e s . These c h a r a c t e r i s t i c s are l i s t ­
ed i n d e t a i l a t t h e end o f t h e c h a p t e r . 
The second compound-impeded per formance had as t h e impeded p o r t i o n 
t h e s i m u l t a n e o u s movement to the s m a l l t a r g e t s . During t h i s movement t h e 
b a s e s of b o t h o f t h e pegs were p l a c e d a g a i n s t the t a r g e t b u t t o n s . "When 
p r a c t i c i n g t h i s per formance the g low-lamps were p l a c e d on the t e s t - b o a r d 
s o t h a t t h e e x p e r i m e n t a l s u b j e c t cou ld s e e them. The s u b j e c t was asked 
t o per form t h e movement i n a t r u e s i m u l t a n e o u s manner thus l i g h t i n g b o t h 
lamps at t h e same t i m e . A f t e r a b r i e f p r a c t i c e s e s s i o n was comple ted the 
lamps were p l a c e d b e h i n d t h e t e s t - b o a r d . F i v e c o r r e c t per formances were 
comple ted c o n s e c u t i v e l y and then t h e r e c o r d e d d a t a was t a k e n . This r e c o r d ­
ed per formance was s i m i l a r t o the s i n g l e - i m p e d e d performance which had as 
t h e impeded p o r t i o n of the performance t h e two-handed movement. However, 
d u r i n g t h i s two-handed movement the p e g s were moved t o the s m a l l t a r g e t s 
r a t h e r than t o t h e l a r g e t a r g e t a r e a . 
The t h i r d compound-impeded per formance had a s the impeded p o r t i o n 
the two-handed movement t o t h e l a r g e t a r g e t w i t h the s h e l f i n p l a c e . This 
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movement was s i m i l a r t o the two-handed movement a l s o , with the e x c e p t i o n 
t h a t i t was n e c e s s a r y t o s t e e r under t h e s h e l f i n order to r e a c h the t a r ­
g e t a r e a . The e x p e r i m e n t a l s u b j e c t s were reminded t o h o l d t h e p e g s i n 
a v e r t i c a l p l a n e throughout t h e p e r f o r m a n c e . S i n c e the s m a l l t a r g e t was 
n o t u t i l i z e d , the b l a c k p a p e r d i s k s were a f f i x e d t o t h e l a r g e t a r g e t a r e a , 
thus c o v e r i n g t h e t a r g e t b u t t o n s . 
The l a s t compound-impeded performance had as an impeded p o r t i o n the 
r e s u l t o f a l l t h r e e i m p e d a n c e s . D u r i n g t h e impeded movement the e x p e r i ­
m e n t a l s u b j e c t s t e e r e d under t h e s h e l f w i t h b o t h hands and p l a c e d t h e 
b a s e s o f both p e g s on the t a r g e t b u t t o n s . As i n t h e s i m u l t a n e o u s move t o 
t h e s m a l l t a r g e t s , t h e s u b j e c t s were t o l i g h t b o t h lamps t o g e t h e r . The 
p r a c t i c e per formances w e r e comple ted w i t h the lamps i n s i g h t of t h e s u b ­
j e c t s . Th i s e n a b l e d them t o s e e i f t h e y were p e r f o r m i n g the movement 
s i m u l t a n e o u s l y . I f n o t , t h e y c o u l d c o r r e c t t h e i r movement b e f o r e the 
d a t a were t a k e n . A g a i n , a f t e r c o r r e c t l y c o m p l e t i n g f i v e p r a c t i c e p e r ­
formances i n a row t h e t w e l v e r e c o r d e d per formances were a c c o m p l i s h e d . 
A l l o f the e x p e r i m e n t a l s u b j e c t s ' s e v e n t y p e s of per formances were 
comple ted a t one s i t t i n g , w i t h a r e s t o f two minutes between each t y p e o f 
p e r f o r m a n c e . I n r e v i e w , t h e f o l l o w i n g c h a r a c t e r i s t i c s a p p l i e d t o a l l o f 
t h e r e c o r d e d p e r f o r m a n c e s : t h e y c o n s i s t e d o f a b a s i c movement, an i m ­
peded movement, and a n o t h e r b a s i c movement; e q u a l e f f o r t was expended i n 
a rhythmic movement p a t t e r n ; t h e peg or pegs were h e l d i n a v e r t i c a l p l a n e 
throughout t h e p e r f o r m a n c e ; and the b a s i c movement a lways c o n s i s t e d o f 
moving t h e peg w i t h the r i g h t - h a n d from t h e p o s t i n g b u t t o n t o t h e l a r g e 
t a r g e t a r e a and b a c k . 
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CHAPTER I V 
DISCUSSION OF RESULTS 
A n a l y s i s o f Raw D a t a . — T h e markings on the paper t a p e s removed f rom t h e 
t i m i n g d e v i c e were c o n v e r t e d i n t o e s t i m a t e d movement t i m e v a l u e s by t h e 
use of d i v i d e r s and a s c a l e . Each per formance c o n s i s t e d of f o u r im­
p r e s s i o n s on the t a p e . S i n c e the d i r e c t i o n of t r a v e l o f t h e tape was 
marked, t h e f i r s t p o s t i n g c o u l d be e a s i l y f o u n d . The d i s t a n c e between 
t h i s f i r s t p o s t i n g and the s e c o n d p o s t i n g was t h e t ime needed t o comple te 
t h e f i r s t b a s i c movement. The d i s t a n c e be tween the s econd p o s t i n g and 
t h e t h i r d p o s t i n g r e p r e s e n t e d t h e time f o r t h e impeded movement. The 
d i s t a n c e between t h e t h i r d p o s t i n g and t h e l a s t p o s t i n g was the t ime f o r 
t h e l a s t b a s i c movement. I n o r d e r t o f a c i l i t a t e i n t e r p r e t a t i o n , l i n e s 
were drawn be tween t h e f i r s t and s e c o n d , and the t h i r d and f o u r t h i m ­
p r e s s i o n s . T h u s , t h e two b a s i c movements were as c l e a r l y d e f i n e d a s was 
t h e impeded movement, b e i n g a b l a n k space between two l i n e d p o r t i o n s o f 
t h e t a p e . The per formances t o be d i s c a r d e d b e c a u s e of m e c h a n i c a l t r o u b l e 
and n o t e d d e v i a t i o n s from s p e c i f i e d per formance method were l i n e d through 
c o m p l e t e l y . These per formances had b e e n n o t e d d u r i n g the r e c o r d i n g o f 
t h e d a t a . 
A f t e r t h e t w e l v e r e c o r d e d per formance t i m e s were measured f o r a 
p a r t i c u l a r t a p e , a comparison was made between t h e two b a s i c movements 
i n each p e r f o r m a n c e . The per formances w i t h b a s i c t i m e s d i f f e r i n g g r e a t e r 
t h a n s i x p e r cent were marked. I f more than two s u c h per formances occurred 
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on a s i n g l e t a p e , t h i s "run" of per formances was c o n s i d e r e d t o o i n c o n ­
s i s t e n t t o have had the b a s i c and impeded movements performed at the 
same p a c e . As a r e s u l t , t h e e n t i r e "run" of t w e l v e per formances was 
r e t a k e n , A "run" w i t h o n l y two per formances g r e a t e r than s i x p e r c e n t 
was s a t i s f a c t o r y and the remain ing t e n per formances which had b a s i c 
t i m e s w i t h i n t h e s i x p e r c e n t l i m i t were u t i l i z e d . I n the e v e n t t h a t 
more than t e n of t h e per formances were w i t h i n t h e s e l i m i t s , t h e t e n w i t h 
t h e m o s t c o n s i s t e n t b a s i c t i m e s were u t i l i z e d , i , e , , the two per formances 
w i t h b a s i c t i m e s d i f f e r i n g t h e g r e a t e s t would be d i s c a r d e d . I n the e v e n t 
o f a t i e between two per formances as t o the one t o b e d i s c o u n t e d , the 
per formance chosen was s e l e c t e d a t random. This occurred o n l y t w i c e . 
R e c o r d i n g t w e l v e per formances and u t i l i z i n g o n l y t en of them was a l s o 
advantageous due t o t h e f a c t t h a t mechan ica l t r o u b l e or a m i s s e d p o s t i n g 
was no t a l w a y s d e t e c t e d d u r i n g the c o l l e c t i o n of t h e d a t a . I n t h i s e v e n t , 
t h e s e t of d a t a i n q u e s t i o n would not have t o be r e t a k e n i f t e n a c c e p t a b l e 
p e r f o r m a n c e s , a s s p e c i f i e d b y t h e e x p e r i m e n t c r i t e r i o n remained . 
S i x o f t h e e x p e r i m e n t s were r e p e a t e d b e c a u s e t h e y f a i l e d t o meet 
t h e e x p e r i m e n t c r i t e r i o n . The r e c o r d e d s e t of per formances from e x p e r i ­
m e n t a l s u b j e c t C f o r impedance number two had to b e taken t h r e e t i m e s b e ­
cause t h r e e or more per formances i n the f i r s t two s e t s o f d a t a had b a s i c 
t i m e s d i f f e r i n g g r e a t e r than s i x per c e n t . S u b j e c t E , a l though asked t o 
work a t a b r i s k or i n c e n t i v e p a c e , comple ted h i s f i r s t s e t o f per formances 
a t an a l m o s t normal p a c e . Because of t h i s f a c t , t h i s s u b j e c t ' s p e r f o r m ­
ances were r e t a k e n a t the proper p a c e . Three of the r e s u l t i n g seven s e t s 
o f per formances had t h r e e or more per formances beyond the a forement ioned 
s i x p e r c e n t l i m i t . The per formances f o r impedances one , t h r e e and s i x 
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were r e t a k e n . The o t h e r s u b j e c t s comple ted t h e i r p a r t o f the exper iment 
w i t h one s e t o f per formances f o r each impeded movement. 
A normal t ime f o r t h e b a s i c movement was a r r i v e d a t by hav ing a 
s u b j e c t , o t h e r than t h e f i v e used f o r t h e e x p e r i m e n t , per form the b a s i c 
movement t e n t i m e s a t a pace which he r e g a r d e d as n o r m a l . The average 
of t h e s e t e n per formances was u t i l i z e d as t h e normal b a s i c t i m e . The 
s u b j e c t who a c c o m p l i s h e d the b a s i c movement had had c o n s i d e r a b l e i n d u s ­
try, a l t i m e s t u d y e x p e r i e n c e and w a s , t h e r e f o r e , c o g n i z a n t of a p p r o x i m a t e l y 
what would be a normal p a c e . R e g a r d l e s s of t h i s f a c t t h e v a l i d i t y of t h e 
normal t ime was i m m a t e r i a l s i n c e a compar i son of t h e p e r c e n t a g e i n c r e a s e 
i n normal t ime due t o t h e e f f e c t of t h e v a r i o u s impedances was d e s i r e d . 
T h i s can b e s t b e i l l u s t r a t e d b y us ing t h e f o l l o w i n g e x a m p l e . 
( 1 ) The average b a s i c t ime produced b y s u b j e c t A when r e c o r d i n g 
t h e performance o f the s e t o f per formances i n v o l v i n g impedance 
number one was 0 . 0 1 5 1 m i n u t e s . 
( 2 ) D i v i d i n g t h i s t ime i n t o t h e assumed t ime f o r t h i s movement o f 
0 . 0 1 8 0 minutes r e s u l t e d i n a f a c t o r i a l s p e e d - r a t i n g of 1 . 1 9 2 . 
The f a c t o r i a l s p e e d - r a t i n g r e p r e s e n t e d t h e pace a t which the 
e x p e r i m e n t a l b a s i c movement was per formed as compared t o the 
assumed normal t i m e , i n t h i s c a s e 1 1 9 - 2 p e r c e n t . S i n c e t h e 
impeded movement was assumed t o have been performed a t the 
same p a c e , t h e n o r m a l i z e d t i m e would b e the p r o d u c t of the 
f a c t o r i a l s p e e d - r a t i n g and t h e impeded movement t i m e . How­
e v e r , f o r t h e purpose of t h i s exper iment t h e i n c r e a s e i n t h e 
t ime due t o t h e impedance was normal i zed s e p a r a t e l y a s d e s c r i b e d 
b e l o w . 
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( 3 ) The average basic time of 0 . 0 1 5 1 minutes was subtracted from 
the impeded time of 0 . 0 1 5 9 minutes. This resulted in a time 
increase of 0.0008 minutes which when multiplied by the 
factorial speed-rating determined in step ( 2 ) yielded a normal 
time increase of 0 .00095 minutes. 
(I4) The normal impeded time would be the sum of the normal time 
increase of 0 .00095 minutes and the assumed normal time of 
0 . 0 1 8 0 minutes or 0 ,01895 minutes. 
( 5 ) This time represented an increase of 5 . 3 per cent over the 
normal basic time. 
( 6 ) If the normal basic time was actually 0 . 0 1 7 0 minutes rather 
than 0 . 0 1 8 0 minutes, the factorial speed-rating found in step 
( 2 ) would have been 1 . 1 2 6 . 
( 7 ) Multiplying the time increase of 0.0008 minutes by this new 
factorial speed-rating resulted in a normalized time due to the 
impedance of 0 , 0 0 0 9 0 minutes. 
( 8 ) The normalized impeded time 7;ould, therefore, have been 0 . 0 1 7 9 0 
minutes, which again would be a 5»3 per cent Increase over the 
normal basic time. Therefore, the percentage increase in the 
normal basic time as compared to the normal impeded time based 
on an erroneous basic time was valid. 
Slav-down Comparisons.—The raw data for each type of performance for each 
subject was converted to normalized slow-down times in the manner discussed 
in steps (l) through ( 3 ) above. The means of the normalized slow-down times 
and the variance of the means were calculated for each impedance for each 
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s u b j e c t . A sample c o n v e r s i o n o f t h e raw d a t a may be found i n T a b l e 1 . A 
summary of the per formances of the s u b j e c t s i s c o n t a i n e d i n Tab le 2 . The 
p e r f o r m a n c e s i n t h i s t a b l e are numbered as b e f o r e : numbers one t h r o u g h 
t h r e e r e p r e s e n t t h e s i n g l e - i m p e d e d movements, and numbers f o u r through 
seven r e p r e s e n t compound-impeded movements . By adding t h e s i n g l e - i m p e d e d 
mean n o r m a l i z e d s low-down t i m e s w a r r a n t e d f o r each compound-impeded move­
ment a s y n t h e t i c mean n o r m a l i z e d s low-down t i m e was a r r i v e d a t f o r e a c h 
compound-impeded movement . The mean n o r m a l i z e d s low-down t ime f o r each 
compound-impeded movement was compared w i t h t h e s e s y n t h e t i c t i m e s . For 
e x a m p l e , t h e mean n o r m a l i z e d s low-down t ime f o r t h e movement impedance 
due t o t h e s m a l l t a r g e t , per formance number o n e , f o r s u b j e c t A was 
0.000977 m i n u t e s . The mean f o r t h e movement impedance due t o c a r e i n 
moving under t h e s h e l f , per formance number t w o , was 0.000653 m i n u t e s . 
Adding t h e s e two f i g u r e s produced a s y n t h e t i c normal impedance t ime f o r 
c o m p l e t i n g b o t h impedances i n t h e same movement, which i s 0.001630 m i n u t e s . 
The mean f o r t h e n o r m a l i z e d movement impedance t o the s m a l l t a r g e t w i t h 
t h e s h e l f i n p l a c e , per formance number f o u r , was 0.0015U0 m i n u t e s . T h i s 
was 0.00090 minutes l e s s than the s y n t h e s i z e d , n o r m a l i z e d impedance t i m e 
found by adding t h e n o r m a l i z e d t i m e s f o r the two s i n g l e impedances . The 
s i g n i f i c a n c e o f t h e d i f f e r e n c e between the e x p e r i m e n t a l v a l u e s and the 
r e s p e c t i v e s y n t h e t i c v a l u e s was de termined b y u t i l i z i n g t h e a n a l y s i s of 
v a r i a n c e • 
I n o r d e r t o u t i l i z e t h e a n a l y s i s of v a r i a n c e p r o p e r l y , i t i s n e c e s ­
s a r y t h a t a l l of t h e e x p e r i m e n t a l d a t a have a common e r r o r v a r i a n c e , o r 
a t l e a s t a p p r o x i m a t e l y s o . The i n d i v i d u a l v a r i a n c e v a l u e s f o r t h e e x p e r i ­
menta l mean s low-down t i m e s w e r e , t h e r e f o r e , t e s t e d i n o r d e r t o determine 
Table 1 . A Sample Conversion of the Raw Data, Subject A, Performance Type 1 
Normalized 
Individual Slow-down Slow-down 
Performance Basic Basic + Basic Average Factor ia l due to due to 
Number Time Target Time Time Basic Time Speed Rating Target Target 
1 . .0151 .0159 .0151 .01510 1.192 .00080 .00095 
2 . .0145 .0159 .0150 .01475 1.220 .00115 .00140 
3 • .0145 .0160 .0153 .01490 1.208 .00110 .00131 
4 . . 0144 .0159 .0154 beyond s ix per cent basic -d i f f erent ia l l i m i t 
5 . .0144 .0150 .0145 .01445 1.246 .00055 .00069 
6 . .0143 .0153 .0149 .01460 1.233 .00070 .00086 
7 . .0147 .0157 .0149 .01480 1.216 .00090 .00109 
8 . .0145 .0155 .0148 .01465 1.229 .00085 .00104 
9 . .0135 .0150 .0149 beyond s ix per cent basic--d i f f eren t ia l l imi t 
1 0 . .0148 .0155 .0150 .01490 1.208 .00060 .00072 
1 1 . .0145 .0155 .0150 .01475 1.220 .00075 .00092 
1 2 . .0148 .0155 .0149 .01485 1.212 .00065 .00079 
2£.x = .00977 
; £ x 2 = .0000100529 
Table 2 . Single-Impeded, Compound-Impeded, and Synthesized Mean Normal Slow-down Time Values 
Experimental Performance 
Performance Average Slow- Types Comprising Synthetic Experimental Synthetic 
Subject Type down Time Synthetic Value Value Variance Varianoe 
(5TE) ( x s ) ( r / x l O " 1 1 ) ( S e x i e r 1 1 ) 
1 . .000977 • 5 , 0 7 6 * 
2 . .000653 - - 5 ,744 -3 . .000698 _ _ 4,746 -
4 . .001540 1 + 2 .001630 7,046 10 ,820 
5 . .001518 1 + 3 .001675 13,756 9 ,822 
6 , .001120 2 + 3 .001351 7,748 10 ,490 
7 . .002131 1 + 2 + 3 .002328 18 ,497 15 ,566 
• .000910 5 ,000 m 
2 . .000683 - - 2 ,706 3 , .000912 - _ 11,756 _ 
4 . .001171 1 + 2 .001593 3 ,247 7,706 
5 . .001623 1 + 3 .001822 22 ,696 16 ,756 
6 . .001325 2 + 3 .001595 5 ,646 14 ,462 
7 . .001881 1 + 2 + 3 .002505 27 ,591 19 ,462 
1 . .000982 _ 6,252 
2 . .000479 - 1,329 _ 
3 . .001294 - - 6,702 -4 . .001250 1 + 2 .001461 13,116 7 ,581 
5 . .002039 1 + 3 .002276 7,419 1 2 , 9 5 4 
6 . .001541 2 + 3 .001773 18 ,711 8 ,031 
7 . .002516 1 + 2 + 3 .002756 25 ,320 14 ,283 
(continued) 
Table 2 . Single-Impeded, Compound-Impeded, and Synthesized Mean Normal Slow-down Time Values (continued) 
Performance Experimental Performance 
s , . , „ Average Slow- Types Comprising Synthetic Experimental Synthetic 
• ^ down Time Synthetic Value Value Variance Variance 
(xE) ( x s ) ( fE2xio-n) ( (T̂xio-1) 
1 . ,001007 - - 2,252 -
2 . .000641 - m 2,233 — 
3 . .001148 - - 8 ,534 -
4 . .001420 1 + 2 .001648 1 6 , 9 4 4 4 ,485 
5 , .001543 1 + 3 .002155 16,178 10 ,786 
6 . .001483 2 + 3 .001789 19 ,784 10 ,767 
7 . .002424 1 + 2 + 3 .002796 10,088 13 ,019 
1 . .001485 _ _ 23,838 
2 . .001401 - - 5,059 -
3 . ,001533 - - 11 ,442 -
4 . .002519 1 + 2 .002886 59 ,065 28 ,897 
5 . .002962 1 + 3 .003018 28 ,690 35 ,280 
6 . .002539 2 + 3 .002934 25 ,789 16 ,501 
7 . .004475 1 + 2 + 3 .004419 39 ,782 40 ,339 
Example: 5 ,076 represents 0.00000005076 
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i f t h i s a s sumpt ion was m e t . T h i s was de termined by t e s t i n g f o r homogeneity 
o f v a r i a n c e of the d a t a w i t h a s t a n d a r d d e v i a t i o n ( t h e square r o o t o f the 
v a r i a n c e ) c o n t r o l c h a r t . This c h a r t e s t a b l i s h e s l i m i t s w i t h i n which a l l 
of the s t a n d a r d d e v i a t i o n v a l u e s are homogeneous. S u b j e c t E had one s t a n ­
dard d e v i a t i o n v a l u e o u t s i d e of the upper c o n t r o l l i m i t and. t h e r e f o r e , 
h i s d a t a was n o t homogeneous w i t h t h a t of the o t h e r s u b j e c t s . R e c a l c u l a ­
t i o n of t h e c o n t r o l l i m i t s w i t h o u t t h e d a t a a t t r i b u t e d t o s u b j e c t E f a i l e d 
t o show any o t h e r "out of c o n t r o l " s t a n d a r d d e v i a t i o n v a l u e s . The i n d i v i d ­
u a l v a r i a n c e s f o r t h e compound-impeded per formances f o r a l l o f t h e s u b j e c t s 
w e r e , t h e r e f o r e , un i form enough t o meet t h e above a s s u m p t i o n w i t h the e x ­
c e p t i o n of t h o s e v a r i a n c e s a t t r i b u t e d t o s u b j e c t E . S i n c e his d a t a was 
n o t homogeneous w i t h t h a t of the o t h e r s u b j e c t s , s u b j e c t E c o u l d n o t b e 
used i n t h e a n a l y s i s . 
The e x p e r i m e n t a l and s y n t h e t i c normalized, slow-down t i m e s were 
coded by c o n v e r t i n g them t o t h e n e a r e s t 0.00001 minutes and moving t h e 
d e c i m a l p o i n t t o the r i g h t f i v e p l a c e s . The coded d a t a i s p r e s e n t e d i n 
T a b l e lw Th i s coded d a t a was t h e n c o n v e r t e d i n t o t h e a n a l y s i s of v a r i a n c e 
t a b l e , p r e s e n t e d i n T a b l e 5 . S t a t e m e n t s concern ing t h i s c o n v e r s i o n were 
made i n C h a p t e r I I I under t h e heading " R e l a t i o n s h i p o f E x p e r i m e n t a l D e s i g n 
t o S t a t i s t i c a l A n a l y s i s . " The compar i son of the " r e s i d u a l " mean square 
v a l u e ?i/ith t h e o t h e r mean s q u a r e v a l u e s revealed, t h a t t h e r e was a v e r y 
s i g n i f i c a n t d i f f e r e n e e (peyond t h e one per c e n t l e v e l ) : between t h e e x p e r i ­
m e n t a l method and s y n t h e t i c method, between each compound impedance , and 
between each e x p e r i m e n t a l s u b j e c t . S i n c e the s i g n i f i c a n t d i f f e r e n c e b e ­
tween t h e e x p e r i m e n t a l method and t h e s y n t h e t i c method was beyond t h e 
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Table 3. Coded Data for Analysis of Variance 
Experimental 
Subjects 
Method h Compound Impedances h I 6 h 
** - 154* 152 112 213 
163 168 135 233 
°b *e 117 162 133 188 
X s 159 182 160 251 
<>e X e 125 204 154 252 
X s 146 226 177 276 
°d X e 142 154 148 242 
x s 165 216 179 280 
Original Data 3 6 8 (Coded Data) x 10" 
*Example: 154 = .00154 
"Where: 
I = Compound Impedance 
0 m Experimental Subjeots 
X = Method 
e = Experimental 
s = Synthetic 
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Table 4. Analysis of Variance Table 
Sums of Mean 
Source of Variance Degrees of Freedom Squares Squares 
Between 0 (o-l) ** 3 5,262.4 1,754.1 18.7* 
Between X (x-l) = 1 6,786.2 6,786.2 72.5* 
Between I (i-1) = 3 47,075.2 15,691.7 167.6* 
0 x X interaction (o-l)(x-l) = 3 702.3 234.1 2.5 
X x i interaction (x-l)(i-1) « 3 182.5 60.8 1.5 
1 x 0 interaction (x-l)(o-l) - 9 4,693.3 521.5 5.9* 
Residual** (o-l)(x-l)(i- l>-9 843.0 93.6 
Total oxi-1 m 31 65,544.9 
Significant at the 0.01 per cent level or better, unmarked values are 
not significant. 
••The residual variance is a measure of the variance of the original 
data. 
x = *r 
(Tx2 m n v - J 
x 
- 10 x 93.6 x 1<T 1 0 
— 9,360 x 10" 1 1 original data variance 
The arithmetic average of the variances of the original data is 13, 
I48xl0**l. residual variance and the average variance oompare 
favorably and indicate that there is no inflation in the residual 
variance due to excessive interaction. 




















h 7.47 8.80 1.33 +17.8 
9.33 11.02 1.69 +18.1 




12.43 14.43 2.00 +16.1 
*These figures represent the arithmetic average values for the oompound-
impeded movements involving two impedances ( l 4 , Ig, Ig). Ij contains 
three impedances. 
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one p e r c e n t l e v e l , t h e n u l l h y p o t h e s i s cou ld b e r e j e c t e d wi th a g r e a t 
d e a l o f c o n f i d e n c e . T h e r e f o r e , the t ime e f f e c t s of the s i n g l e , m o t i o n 
impedances t e s t e d a r e n o t a d d i t i v e when t h e y occur i n a s i n g l e movement. 
I t would b e e x p e c t e d t h a t t h e r e would b e a s i g n i f i c a n t d i f f e r e n c e between 
t h e e x p e r i m e n t a l s u b j e c t s s i n c e p e o p l e a r e g e n e r a l l y c o n s i d e r e d t o be 
d i f f e r e n t from one a n o t h e r a n d , t h e r e f o r e , w i l l n o t produce e x a c t l y t h e 
same normal t i m e v a l u e on any g i v e n t a s k . The s i g n i f i c a n t d i f f e r e n c e 
r e v e a l e d between the compound impedances i s , l i k e w i s e , n a t u r a l s i n c e t h e 
impedances s e l e c t e d were d i f f e r e n t from one another and produced d i f f e r e n t 
s low-down t ime v a l u e s . A s i g n i f i c a n t i n t e r a c t i o n was a l s o r e v e a l e d b e ­
tween t h e compound impedances and t h e s u b j e c t s . This i n d i c a t e d t h a t t h e 
mean t ime f o r the compound impedances v a r i e s from one s u b j e c t t o a n o t h e r . 
No s i g n i f i c a n t i n t e r a c t i o n occurred between t h e method and t h e compound 
impedance , and t h e method and t h e s u b j e c t s . T h e r e f o r e , a l t h o u g h t h e e x ­
p e r i m e n t a l s u b j e c t s 1 s low-down t i m e s v a r i e d w i t h t h e compound impedances 
the e f f e c t on t h e compound impedance s low-down t imes was t h e s a m e . 
The n o r m a l i z e d s low-dorm t ime e x h i b i t e d b y t h e s u b j e c t s were 
p r a c t i c a l l y u n i f o r m , w i t h t h e e x c e p t i o n of s u b j e c t E whose t i m e s were 
somewhat g r e a t e r than t h o s e o f t h e o t h e r s u b j e c t s . As ment ioned p r e v i o u s ­
l y , t h i s s u b j e c t ' s d a t a a l s o c o n t a i n e d the l a r g e s t v a r i a n c e v a l u e s . S i n c e 
t h e s u b j e c t s were n o t s e l e c t e d on the b a s i s of s k i l l , b u t on c o n s i s t e n c y , 
o f p e r f o r m a n c e , i t was l i k e l y t h a t t h i s s u b j e c t was the l e a s t s k i l l e d . 
T h i s s u b j e c t a l s o had t h e most d i f f i c u l t y i n producing a c c e p t a b l e p e r ­
formances and i t i s , t h e r e f o r e , p o s s i b l e t h a t he was working more d e l i b e r a t e ­
l y . An i n v e s t i g a t i o n of t h e e f f e c t s o f s k i l l on compound impedances m i g h t 
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c l a r i f y t h i s s u b j e c t s p e r f o r m a n c e . 
The mean v a l u e s o f l i k e impedances f o r each of the s u b j e c t s , •with 
t h e e x c e p t i o n of s u b j e c t E , were p o o l e d and a grand mean was c a l c u l a t e d 
f o r each i m p e d a n c e . S u b j e c t E was e l i m i n a t e d f o r the r e a s o n s p r e v i o u s l y 
s t a t e d . The grand mean v a l u e s were u t i l i z e d i n order t o d e r i v e a p e r ­
c e n t a g e slow-down f o r each s i n g l e and compound-impeded movement. The 
r e s u l t s o f t h e s e c a l c u l a t i o n s a r e l i s t e d i n C h a p t e r V I I and I n Table 5 , 
As a r e s u l t o f t h e s e c a l c u l a t i o n s i t was found t h a t the a v e r a g e e r r o r 
be tween the s y n t h e s i z e d slow-down t ime and the a c t u a l s low-down t ime was 
1 8 . 3 p e r c e n t f o r t h e compound-impeded movement i n v o l v i n g two i m p e d a n c e s . 
The e r r o r f o r the compound-impeded movement i n v o l v i n g t h r e e impedances 
was 1 6 . 1 p e r c e n t . 
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CHAPTER V I 
CONCLUSIONS AND RECOMENDATIONS 
The c o n c l u s i o n s and recommendations t o b e d i s c u s s e d were b a s e d 
onl3>- on the e x p e r i m e n t a l r e s u l t s , p r e v i o u s l y d i s c u s s e d i n d e t a i l . They 
e n t a i l the f o l l o w i n g l i m i t a t i o n s : 
1. A hand t r a n s p o r t mot ion was t e s t e d . Tnis m o t i o n was : 
a . Performed from a s e a t e d p o s i t i o n ; 
b . Performed i n a h o r i z o n t a l p l a n e ; 
c . A r e a c h mot ion i n v o l v i n g r e a c h i n g d i r e c t l y i n f r o n t o f 
t h e body a d i s t a n c e o f f i f t e e n i n c h e s p e r p e n d i c u l a r to 
t h e edge of the t a b l e a t which the s u b j e c t was s e a t e d ; 
d . Unimpeded dur ing t h e r e t u r n p e r f o r m a n c e ; 
e . R e q u i r e d s e m i - s k i l l on some p o r t i o n s ; 
f . Performed a t a b r i s k p a c e ; 
g . Per formed w i t h a o n e - h a l f i n c h d i a m e t e r and one and f i v e -
e i g h t h s i n c h e s l o n g peg i n the r i g h t hand. When t h e l e f t 
hand was u s e d i t a l s o c a r r i e d a l i k e - d i m e n s i o n e d peg i n 
a s i m i l a r manner. The peg was : 
(1) H e l d w i t h the f i r s t and second f i n g e r s and s t e a d i e d 
w i t h t h e t h i r d ; 
( 2 ) H e l d i n a v e r t i c a l p l a n e . 
2 . The impeded movement was per formed between two r i g h t hand 
b a s i c movements i n one rhythmic m o t i o n . These movements were 
assumed t o have been per formed a t the same p a c e . This 
a s sumpt ion was made f o r the f o l l o w i n g r e a s o n s : 
a . Rhythmic mot ion speed was p o s s i b l e throughout the p e r ­
formance . 
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b . Rhythm was e s t a b l i s h e d b e f o r e the r e c o r d i n g o f the d a t a . 
c The s u b j e c t s were c a r e f u l l y i n s t r u c t e d and r e p e a t e d l y 
reminded t o s t r i v e f o r c o n s i s t e n t pace throughout the 
p e r f o r m a n c e . 
d . The s u b j e c t s moved a t a b r i s k r a t e o f s p e e d , m i n i m i z i n g 
the chances f o r d i f f e r e n c e o f movement speed between 
p o r t i o n s of the movement. 
e . I n c o n s i s t e n c i e s were d e t e r m i n e d b y comparison o f the 
b a s i c t i m e s . Only c o n s i s t e n t per formances were u t i l i z e d . 
3 . The impedances t e s t e d w e r e : 
a . A movement t o a s e v e n - e i g h t h s o f an i n c h t a r g e t ; 
b . A movement under an o b s t r u c t i o n w i t h a c l e a r a n c e o f o n e -
h a l f an i n c h above t h e knuck le s f o r each s u b j e c t ; 
c . A s i m u l t a n e o u s and i d e n t i c a l movement o f the l e f t hand. 
1;. Only f i v e s u b j e c t s were t e s t e d . These f i v e s u b j e c t s w e r e : 
a . S e l e c t e d on the b a s i s o f a c c u r a t e l y measured c o n s i s t e n c y 
i n p e r f o r m i n g a t a s k a t a u n i f o r m p a c e ; 
b . U n t e s t e d o r n o t s e l e c t e d on the b a s i s o f s k i l l , a l t h o u g h 
a s m a l l degree o f s k i l l was r e q u i r e d t o p e r f o r m the 
impeded movements; 
c . S e l e c t e d from a group o f twenty male c o l l e g e s t u d e n t s ; 
d . H i g h l y m o t i v a t e d b e c a u s e o f the e x p e r i m e n t a l n a t u r e o f 
the work . 
5 . Only f o u r of the f i v e s u b j e c t s t e s t e d were u s e d i n the 
s t a t i s t i c a l a n a l y s i s o f the d a t a . 
a . The f i f t h s u b j e c t was e l i m i n a t e d b e c a u s e o f e x c e s s i v e 
v a r i a n c e ( f a i l u r e t o meet the assumpt ion o f homogene i ty 
o f v a r i a n c e ) . 
b . The r e s u l t s cannot b e o v e r - g e n e r a l i z e d b e c a u s e of t h e 
s m a l l sample s i z e . 
C o n c l u s i o n s . — I n v i e w o f t h e above l i m i t a t i o n s and the r e s u l t s o f the 
r e s e a r c h , the f o l l o w i n g c o n c l u s i o n s may be made: 
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1 . The e v i d e n c e i n d i c a t e s t h a t the t ime e f f e c t s o f s i n c l e , mot ion 
impedances are n o t a d d i t i v e when two or t h r e e of them o c c u r 
i n a s i n g l e movement, 
2. When two impedances are i n v o l v e d i n a compound-impeded move­
ment, t h e s y n t h e t i c t ime v a l u e which i s c a l c u l a t e d b y t h e 
a d d i t i o n o f the i n d i v i d u a l impedance s low-down t i m e s can be 
c o r r e c t e d b y m u l t i p l y i n g b y a f a c t o r o f 0,985. 
3. When t h r e e impedances are i n v o l v e d i n a compound-impeded 
movement, the s y n t h e t i c t ime v a l u e which i s c a l c u l a t e d b y the 
a d d i t i o n o f t h e i n d i v i d u a l impedance slow-down t i m e s can be 
c o r r e c t e d b y m u l t i p l y i n g b y a f a c t o r o f 0.980. 
i i . The f o l l o w i n g p e r c e n t a g e i n c r e a s e s above the normal b a s i c 
t ime a p p l y t o the impedances t e s t e d : 
a . A movement o f a peg ( o n e - h a l f i n c h i n d i a m e t e r and one 
and f i v e - e i g h t h s i n c h e s l o n g ) h e l d u p r i g h t i n t h e r i g h t 
hand t o a s e v e n - e i g h t h s of an i n c h t a r g e t , 5*39 p e r c e n t ; 
b . A movement o f a peg h e l d i n the r i g h t hand under an 
o b s t r u c t i o n w i t h a c l e a r a n c e o f one h a l f o f an i n c h above 
the k n u c k l e s , 3. i l l p e r c e n t ; 
c . A s i m u l t a n e o u s movement o f a peg h e l d i n the l e f t hand 
dur ing an o t h e r w i s e unimpeded f i f t e e n i n c h f o r w a r d move­
ment o f a peg h e l d i n the r i g h t hand, 5*63 P e r c e n t ; 
d . A movement i n v o l v i n g "a" and " b " , 7,if7 p e r c e n t ; 
e . A movement i n v o l v i n g "a ! ! and "c" , 9.33 p e r c e n t ; 
f . A movement i n v o l v i n g "b" and 1 1 c", 7,60 p e r c e n t ; 
g . A movement i n v o l v i n g "a", " b " , and " c " , I2.J4.3 p e r c e n t . 
G e n e r a l Recommendat ions .—The c o n c l u s i o n s of t h i s r e s e a r c h are b a s e d on 
a f i f t e e n i n c h movement i n v o l v i n g t h r e e d i s t i n c t l y d i f f e r e n t impedances . 
I t i s recommended t h a t o t h e r impedances b e i n v e s t i g a t e d i n a s i m i l a r 
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manner i n o r d e r t o de termine t h e i r compound t ime e f f e c t s . Other r e s e a r c h 
s u g g e s t s t h a t t h e t ime e f f e c t s o f c e r t a i n o t h e r impedances are n o t 
a d d i t i v e when more than one i s p e r f o r m e d i n a s i n g l e movement (38) . 
More i n f o r m a t i o n , a t t a i n a b l e through r e s e a r c h methods d e s c r i b e d h e r e i n , 
i s needed c o n c e r n i n g t h i s problem i n o r d e r t h a t more g e n e r a l c o n c l u s i o n s 
can b e made c o n c e r n i n g t h e t ime e f f e c t o f compound impedances . Perhaps 
the t i m e s o f c e r t a i n t y p e s o f impedances are a d d i t i v e w h i l e o t h e r s are 
n o t . The compound e f f e c t s may a l s o be a f f e c t e d b y the d i s t a n c e o f the 
t r a n s p o r t - m o v e m e n t . A s h o r t movement may p r o d u c t a more than a d d i t i v e 
e f f e c t , w h i l e an e x t r e m e l y l o n g movement may produce a l e s s than a d d i t i v e 
e f f e c t . The amount o f s k i l l p o s s e s s e d by an o p e r a t o r may a l s o have some 
e f f e c t on the a d d i t i v e n a t u r e o f t h e impedance t i m e s . 
I n o r d e r f o r the above p e r c e n t a g e v a l u e s to be more f i r m l y e s t a b ­
l i s h e d f o r t h e s e p a r t i c u l a r impedances o r o t h e r s , i t i s s u g g e s t e d t h a t 
f u r t h e r e x p e r i m e n t a t i o n be conducted w i t h a l a r g e r number o f e x p e r i m e n t a l 
s u b j e c t s . This e x p e r i m e n t a t i o n can be a c c o m p l i s h e d b y the means d e s c r i b e d 
i n t h i s t h e s i s . The e x p e r i m e n t a l s u b j e c t s s h o u l d c o n s i s t o f i n d u s t r i a l 
workers who p e r f o r m r e p e t i t i v e o p e r a t i o n s i n v o l v i n g movements s i m i l a r 
to t h o s e b e i n g t e s t e d . This w i l l e l i m i n a t e t h e n e c e s s i t y o f t e s t i n g 
t h e s u b j e c t s on t h e b a s i s of c o n s i s t e n c y s i n c e t h i s t e s t was d e s i g n e d 
t o s e l e c t e x p e r i m e n t a l s u b j e c t s t h a t would be r e p r e s e n t a t i v e o f i n d u s t r i a l 
workers p e r f o r m i n g t h e s e o p e r a t i o n s . T h e r e f o r e , the e x p e r i m e n t a l s u b j e c t s 
w i l l c o n s i s t of a random sample r a t h e r than a s e l e c t e d g r o u p . This w i l l 
a f f e c t the a n a l y s i s o f t h e d a t a i n t h a t the r e s u l t s w i l l a p p l y to the 
p o p u l a t i o n ( a l l o f the i n d u s t r i a l workers p e r f o r m i n g t h i s t y p e o f o p e r a t i o n ) 
r a t h e r than t o the p a r t i c u l a r group s e l e c t e d . This assumes t h a t a random 
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sample of t h e p o p u l a t i o n has b e e n s e l e c t e d . I n terms of the a n a l y s i s 
of v a r i a n c e , i t m i l mean t h a t a "Model 2" a n a l y s i s can be u t i l i z e d 
r a t h e r than a "Model 1" a n a l y s i s . S t a t i s t i c a l l y , the c o n c l u s i o n s m i l 
t h e n a p p l y t o t h e p o p u l a t i o n and not t o the s e l e c t e d g r o u p . The c o n ­
c l u s i o n s of the p r e s e n t e x p e r i m e n t a p p l y t o i n d u s t r i a l workers i n s o f a r 
as the s e l e c t e d s u b j e c t s a p p l y t o i n d u s t r i a l w o r k e r s . 
I n c o n c l u s i o n , i n t h e b a s i s of t h e l i m i t e d , y e t c a r e f u l l y e x e c u t e d , 
r e s e a r c h of t h i s t h e s i s , i t appears t h a t t y p i c a l impedances o c c u r r i n g i n 
c o m b i n a t i o n are n o t a d d i t i v e , i . e . , t h e t o t a l impedance t ime of two o r 
more impedances o c c u r r i n g i n c o m b i n a t i o n i s no t e q u a l t o the sum of the 




F i g u r e 1. E x p e r i m e n t a l T e s t - b o a r d w i t h Exper imenta l S u b j e c t Performing t h e 
B a s i c Movement 

Figure 3 , Removing the Tape from t h e Timing D e v i c e 
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